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ABST-RACT 

Source-deck.list ings of two computer p rograms  a r e  given for  the calcu-  
lation. of relative.  intensit ies i n  the. vibrational s t ruc ture  .of an  electronic t r an -  
sition. The f i r s t  p rogram finds turning points of an.electronic  potential- 
energy curve  by d i r ec t  numerical  evaluation of the Klein action integrals  in  
the RKR procedure.  The second p rogram uses  these turning points to con- 
s t ruc t  an  effective'potential for  the molecule with rotational quantum number 
J. The. radial  Schrodinger equation then i s  solved for  this potential to yield 
vibrational-rotational wavefunctions. f r o m  which the p rogram~ca lcu la t e s  
Franck-Condon factors ,  r -centroids,  and relative intensit ies.  

J- -0- 

i Work done under the &uspices of the U. S. Atomic Energy Commission. 

Now a t  Harvard University, Cambridge, Massachusetts.  



INTRODUC 

This repor t  supplements i ,previous paper, '  hereaf ter :  r e fe r red  to a s  I, 
which descr ibes  .the calculation.of relative intensit ies in ' the vibrational s t ruc  - 
tu re  of an  electronic transition. All computer .p rograms used in I a r e  docu- . , 
mented herein.  

d 
Much of the programming was done by Mr. J. V. V. Kasper  o r - i n  co l -  

laboration with him. The p rograms  presented a r e  not in  final polished f o r m  
and the author a s sumes  the responsibility for a l l  remaining e r r o r s  that have 
gone undetected. No systematic attempt has  been made to t e s t  a l l  possible 
branches in these programs.  However, these p rograms  have been running 
successfully for  over s ix  rrlonths. 

Much of the programming logic has  been mentioned before in  I. Com- 
ment c a r d s  have been l iberal ly  used in the For t r an  source deck l is t ings so  
that a description of the methods used in  each p rogram is self-contained. 
Comment c a r d s  a l so  descr ibe fully the preparat ion of data  c a r d s  for each 

I program. To fur ther  aid the use r ,  sample data decks,  which were  success -  
fully tested, a r e  included. The output f r o m  these sample decks i s  displayed 
in  the Appendix. 

These p rograms  a r e  written for  an  IBM, 709/7090/7094,installation. All 
source decks shown a r e  photographic.reproductions of machine.l ist ings.  

PROGRAM FOR FINDING '~'UK~ULI\;I 'C; POIIVTS OF A 
POTENTIAL BY RKR PROCEDURE 

Remarks  

The input may be ei ther  in  the fo rm of spectroscopic constants for the 
electronic s ta te ,  o r  the actual G ( v )  and Bv spectroscopic data. In the 
fo rmer  case ,  the p r o g r a m  requi res  about 3 sec  p e r  pa i r  of turning points, 
whereas in the l a t t e r  c a s e 2  i t  i s  5 sec.  It i s  a l so  possible to use a combina- 
tion of input modes,  i. e . ,  vibrational constants and rotational Bv data, o r  
vice versa .  

When giving G ( v )  data, the ze ro  -point energy may be . a s  signed by the 
use r ,  o r  found f r o m  extrapolation by the program. This l a t t e r  feature allows 
the use  of zero-line measurembnts  o r  tabulated AG(i.) data. 

Lim'itations 

% (a)  If tabulated G(v)  o r  Bv data a r e  used that have anomalous behavior, i t  
i s  possible for  the interpolation procedures  NTRPSR o r  NTRPDP to fail. 

( b )  If l e s s  than eight G(v)  o r  Bv data points artr: to be read  in, NUST in 
subroutine RKR must  be modified. 

Z 
t ( c )  Since e r r o r s  tend to accumulate in  the calculation of the turning points 

for each higher vibrational level, the potential curve i s  l e s s  accura te  a s  the 
dissociation l imi t  i s  approached. 

Listing 

Table I l i s t s  the source decks and Table 11 gives a sample data deck for 
the RKR program. 
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Table I. Source-deck listing for  RKR program.  

- 

C M A I N  F I N D S  TURNING P O I N T S  FOR A MOLECULE B Y  RYDBERG-KLE IN -REES METHOD M A I N  0 0 0  
C A L L  I N P U T  I S  I N  WAVE NUMBERS AND ANGSTROMS. M A I N  001 
C USER S P E C I F I E S  C H O I C E  BETWEEN MASS U N I T S  BASED ON C 1 2  = 1 2 9  OR M A I N  0 0 2  
C 0 1 6  = 16. M A I N  0 0 3  
C THE FOLLOWING COMMENT CARDS D E S C R I B E  THE P R E P A R A T I O N  O F  DATA CARDSMATN 0 0 4  
C M A I N  0 0 5  

D I M E N S I O N  X I ( 2 0 0 ) r Y I ( 2 0 0 ) r X 0 ( 3 0 0 0 ) ~ V ~ 3 O O O ~ ~ S ( 3 0 0 0 ) ~ K V ~ 2 0 0 ~ ~  M A I N  0 0 6  
Z E T R I A L ( 2 0 0 ) t Q I R A ( 2 ) r Q I E N ( 3 ) * Q I M S f 2 ) ~ Z I M S ( 2 ) ~ Z I R A ~ 2 ) ~  M A I N  0 0 7  
Z ZIEN(3)rECALC(2OO)rXPRN(5),VPRN(5)rDTFPMTtl9), M A I N  0 0 8  
Z G ( 2 0 0 1 r B V 1 2 0 0 ) * F M T L 2 4 ~ *  U I L ~ U J ~ H M ~ N I Z O O ) ~ H M A X ~ ~ O ~ ~ ~  M A I N  009 
Z D U F M T ( l O ) , B V F ( 2 0 0 )  M A I N  010 

COMMON X I I Y I * X O * V , X H , N S T A * N * M S T A * M * X M I N ~ X M A X ~ I N S C M B E G N U S E D S  M A I N  0 1 1  
Z N I I N S I M A X I T * F A C M * Z M U * D E * W E * W F X E * W E Y E I W E Z E W E T E B E A L P H A E  M A I N  0 1 2  
Z G A M M A E * D E L T A E * A S 9 B S ~ M Q * S T E P * U * B V 9 G * I C K ~ H I T R H D E S E P S L N E  M A I N  0 1 3  

C M A I N  0 1 4  
C F IRST  C A R D  I N  DATA HA.< A ONE TN COLUMN 1 I F  A PPOBLEM FOLLOWS, M A I N  0 1 5  
C VERY L A S T  CARD I N  D A T A  MUST B E  A B L A N K  C A R D o o r r .  M A I N  016 
C M A I N  017 

1 C A L L  T I M E ( B E G I N 1  M A I N  0 1 8  
WRITEOUTPUTTAPE6,140*BEGIN M A I N  019 

1 4 0  FORMAT ( 9 H O  T I M E  = F l O . 5 )  M A I N  0 2 0  
R E A D I N P U T T A P E 5 * 1 0 O * I T E S T  M A I N  0 2 1  

1 0 0  FORMAT ( 1 1 )  M A I N  0 2 2  
2 I F  ( I T E S T )  3 9 4 0 0 9 3  M A I N  0 2 3  

C M A I N  0 2 4  
C N E X T  TWO CARDS I N  D A T A  HAVE NAME O F  PROBLEM I N  COLUMNS 1 - 7 2 ,  M A I N  0 2 5  
C WHERE C A R R I A G E  CONTROL I S  I N  COLUMN 1. NEXT  CARD HAS I I M S  AND M A I N  0 2 6  
C MASSES O F  THE TWO ATOMS, OR I I M S  AND REDUCED MASS I N  F I R S T  MASS M A I N  0 2 7  
C F I E L D  W I T H  SECOND BLANK.  M A I N  0 2 8  
C I I M S  = l r  MASS U N I T S  ARE BASED ON C 1 2  = 12. M A I N  0 2 9  
C I I M S  = 2 9  MASS U N I T S  ARE BASED ON 0 1 6  = 16.  , M A I N  0 3 0  
C M A I N  0 3 1  

3 R E A D I N P U T T A P E 5 t l O l , ( F M T ( I ) ~ I = l s 2 4 )  M A I N  0 3 2  
1 0 1  FORMAT ( 1 2 A 6 )  M A I N  0 3 3  

R E A D I N P U T T A P E ~ I ~ ~ ~ ~ I I M S ~ Z M A S ~ Z M A S ~  M A I N  0 3 4  
1 0 2  FORMAT ( 1 4 r 2 F 1 0 . 0 )  M A I N  0 3 5  

C M A I N  0 3 6  
G N E X T  CARD I N  DATA  H A S  IQHKI  AND NUMBER O F  L E V E L S *  EACH M A I N  037 
C I N  I 4  FORMAT*  AS WELL AS  THE FORMAT STATEMENT WHICH CONTROLS THE M A I N  0 3 8  
C R E A D I N G  O F  T H E  L E V E L S  ( I N  COLUMNS 1 3 - 7 2 ) - - F O R  EXAMPLE-  ( 4 E 1 6 . 8 ) .  M A I N  0 3 9  
C I Q H K  = 0 I F  THE F O L L O W I N G  CARDS C O N T A I N  THE T A B U L A T E D  G CURVE. M A I N  0 4 0  
C I F  A P A R T I C U L A R  V A L U E  I S  TO B E  I N T E R P O L A T E D *  S E T  G ( I )  = -10. M A I N  0 4 1  
C I F  I T  I S  D E S I R E D  TO U S E  CONSTANTS TO GENERATE THE E N T I R E  M A I N  0 4 2  
C G CURVE*  I Q H K  MUST NOT B E  EQUAL  TO ZERO. M A I N  0 4 3  
C A H O L L E R I T H  T E X T  MUST B E  PUNCHED I N  COLUMNS 1 3 - 1 2 ,  M A I N  0 4 4  
C AS I T  W I L L  B E  P R I N T E D ,  E0G.r ( 1 H  ) M A I N  0 4 5  
C THE NEXT CARD I N  SUCH A CASE C O N T A I N S  M A I N  0 4 6  
C WEIWEXE~WEYEIWEZEIAND WETE. M A I N  0 4 7  
C M A I N  0 4 8  

5 R E A D I N P U T T A P E ~ ~ ~ O ~ ~ I Q H K I  N I ( D T F R M T ( I ) ~ I = ~ ~ ~ O )  M A I N  0 4 9  
1 0 3  F O R M A T ( 2 1 4 r 4 X t l O A 6 )  M A I N  0 5 0  

I I E N  = 2 M A I N  0 5 1  
6 I F  ( I Q H K )  8 9 7 9 8  M A I N  0 5 2  
8 R E A D I N P U T T A P E 5 r l l 4 * W E s W E X E * W E Y E ~ W E Z E * W E T E  M A I N  0 5 3  

1 1 4  FORMAT ( 5 E 1 0 . 0 )  M A I N  0 5 4  
GO TO 9 M A I N  0 5 5  

7 R E A D I N P U T T A P E 5 t D T F R M T I ( C ( I ) * I = l * N )  M A I N  0 5 6  
C M A I N  0 5 7  



T a b l e  I. (Contd.) 

c THE Z E R O  POINT ENERGY M A Y  BE FOUND B Y  EXTRAPOLATION, O R .  IT M A Y  BE MAIN 0 5 8  
C  F I X E D  BY  THE USER FROM H I S  T A B U L A T E D  G ( V )  CURVE. M A I N  0 5 9  
C  NEXT  CARD C O N T A I N S  I O P E V *  M A I N  0 6 0  
C  SET  I O P E V  = 0 1  I F  THE ZERO P O I N T  ENERGY I S  TO B E  FOUND BY  M A I N  , 0 6 1  
C  E X T R A P O L A T I O N I  AND THE G ( V )  CURVE I S  TO B E  R A I S E D  OR LOWERED M A I N  0 6 2  
C  ACCORD I NGLY M A I N  0 6 3  
C  T H I S  I S  P A R T I C U L A R L Y  USEFUL  I F  D E L T A  G ( V )  D A T A  I S  TO B E  USED. M A I N  0 6 4  
C  SET  IOPEV = 1, I F  THE T A B U L A T E D  G ( V )  CURVE I S  TO B E  U S E D  UNCHANGEDMAIN 0 6 5  
C  SET  I O P E V  = 2 1  I F  THE G ( V )  CURVE I S  TO B E  CONSTRUCTED FROM CONSTANMAIN  0 6 6  
C  M A I N  067 
9  READ I N P U T  TAPE 5, 1 0 0 ,  I O P E V  M A I N  0 6 8  
C M A I N  0 6 9  
C  THE NEXT  SET  O F  CARDS C O N T A I N S  THE B V  CURVE W I T H  THE SAME M A I N  0 7 0  
C  R E S T R I C T I O N S  A S  FOR G  CURVE ABOVE. NUMBER O F  V A L U E S  HERE MUST B E M A I N  071 
C  EQUAL  TO THE NUMBER ABOVE M A I N  0 7 2  
C  M A I N  0 7 3  

R E A D I N P U T T A P E ~ ~ ~ O ~ ~ I B H K I  N I ( D U F M T ( I ) I I = ~ ~ ~ O )  M A I N  0 7 4  
I I E B  = 2  M A I N  0 7 5  

3 0  I F  ( I B H K I  3 ' 1 r 3 2 ~ 3 1  M A I N  0 7 6  
3 1  READINPUTTAPE5t l l 4 ,BE,ALPHAEIGAMMAEIDELTAEeEPSLNE M A I N  077 

GO TO 3 3  M A I N  0 7 8  
3 2  R E A D I N P U T T A P E 5 r D U F M T ~ ( B V ( I ) ~ I = l t N )  M A I N  0 7 9  

C  M A I N  0 8 0  
C  THE R O T A T I O N A L  CONSTANT B E  MAY B E  FOUND B Y  E X T R A P O L A T I O N *  OR I T  M A I N  0 8 1  
C  MAY B E  F I X E D  BY  THE USER. M A I N  0 8 2  
C  N E X T  CARD C O N T A I N S  I O P A  AND B E Q U I L .  M A I N  0 8 3  
C  SET  I O P A  - 0 ,  I F  THE  V A L U E  O F  BE I S  TO B E  FOUND BY  E X T R A P O L A T I O N  M A I N  0 8 4  
C  FROM THE BV  D A T A  READ I N .  L E A V E  B E Q U I L  BLANK.  M A I N  0 8 5  
C  S E T  I O P A  = l r  I F  THE V A L U E  OF B E  I S  TO B E  G I V E N  BY  B E Q U I L .  M A I N  0 8 6  
C  SET  I O P A  = 2 9  I F  R O T A T I O N A L  CONSTANTS 'ARE U S E D *  L E A V E  B E Q U I L  M A I N  0 8 7  
C  BLANK.  M A I N  0 8 8  
C  M A I N  0 8 9  
3  3  READ I N P U T  TAPE 5 , 1 0 2  , I O P A , B E Q U I L  M A I N  0 9 0  
C M A I N  0 9 1  
C  NEXT  DATA CARD C O N T A I N S  R E *  THE  INTERNUCLEAR E Q U I L I B R I U M  D I S T A N C E a M A I N  0 9 2  
C  M A I N  0 9 3  

READ I N P U T  TAPE 5 r 1 0 6 t R E  M A I N  0 9 4  
1 0 6  F O R M A T ( F 1 0 . O )  M A I N  0 9 5  
C  M A I N  0 9 6  
C  N E X T  DATA CARD C O N T A I N S  VSTARTIVFINPAND HDED WHEPE M A I N  0 9 7  
C  T U R N I N G  P O I N T S  ARE C A L C U L A T E D  FROM V I B R A T I O N A L  L E V E L  V S T A R T  TO M A I N  0 9 8  
C  V F I N '  I N  S T E P S  O F  HDED E.G. FROM 0.5 TO  20.5 I N  S T E P S  OF 1.0. M A I N  099 
C  M A I N  1 0 0  

READ I N P U T  TAPE 5 , 1 1 4 r V S T A R T , V F I N t H D E D  M A I N  101 
C  M A I N  1 0 2  
C  NEXT  CARD C O N T A I N S  I O P F G *  M A I N  1 0 3  
C  SET I O P F G  = 1, I F  I N T E R M E D I A T E  S T E P S  I N  T H E  E V A L U A T I O N  O F  THE M A I N  1 0 4  
C  K L E I N  A C T I O N  I N T E G R A L S  ARE TO B E  P R I N T E D .  M A I N  1 0 5  
C  SET  I O P F G  = 01 I F  I N T E R M E D I A T E  P R I N T - O U T  I S  TO B E  S K I P P E D .  M A I N  1 0 6  
C  NORMALLY THE USEH'SHOULD SET I O P F G  = 0. M A I N  1 0 7  
C  M A I N  1 0 8  

READ I N P U T  TAPE 5 r 1 0 0 ~ I O P F G  M A I N  1 0 9  
C  T H I S  T E R M I N A T E S  COMMENT CARDS ON THE P R E P A R A T I O N  OF DATA. M A I N  110 
C  I F  NO FURTHER PROBLEMS FOLLOW, REMEMBER TO ADD A  B L A N K  CARD TO M A I N  111 
C  THE DATA DECK. M A I N  1 1 2  
C M A I N  1 1 3  
C  M A I N  1 1 4  

Q I R A ( 2 )  = 6HANGSTe  M A I N  1 1 5  



Table I. (Contd.) 

Q I E N ( 2 )  = 6 H l / C M  M A I N  1 1 6  
Q I M S ( 1 )  = 6 H C 1 2 = 1 2  M A I N  1 1 7  
Q I M S ( 2 )  = 6 H 0 1 6 = 1 6  M A I N  1 1 8  

C M A I N  1 1 9  
C P R I N T  H E A D I N G  M A I N  1 2 0  
C M A I N  1 2 1  

W R I T E O U T P U T T A P E 6 t l O l r ( F M T ( I ) ~ I = 1 ~ 2 4 )  M A I N  1 2 2  
C M A I N  1 2 3  
C P R I N T  THE MASSES AND T H E I R  U N I T S *  M A I N  1 2 4  
C M A I N  1 2 5  

10 I F  ( Z M A S 2 )  1 2 9 1 2 ? 1 1  M A l N  1 7 6  
. 11 W R I T E O U T P U T T A P E 6 r l 2 1 ~ Q I M S ~ I I M S ) ~ Z M A S l r Z M A S 2  M A I N  1 2 7  

1 2 1  FORMAT ( / / / 4 0 H  THE MASSES O F  THE TWO ATOMS* BASED ON A 6 9  6 H t  ARE M A I N  1 2 8  
Z  F10 .69  5 H  AND F l O * b / / / )  M A I N  1 2 9  

GO TO 2 0  M A I N  1 3 0  
1 2  W R I T E O U T P U T T A P E 6 r l l l * Q I M S ~ I I M S ) ~ Z M A S l  M A I N  1 3 1  

111 FORMAT ( / / / 4 6 H  THE REDUCED MASS OF THE TWO ATOMS*  BASEIJ  ON A b r  M A I N  1 3 2  
Z  5 H *  TS F 1 0 * 6 / / / )  M A I N  1 3 3  

C M A I N  1 3 4  
C M A I N  1 3 5  
C M A I N  1 3 6  
C P R I N T  G I V )  D A T A *  OR V I B R A T I O N A L  CONSTANTS M A I N  1 3 7  
C M A I N  1 3 8  

2 0  I F  ( I Q H K )  2 2 , 2 1 9 2 2  M A I N  1 3 9  
2 2  W R I T E O U T P U T T A P E 6 r D T F R M T  M A I N  1 4 0  

W R I T E O U T P U T T A P E 6 , 1 1 6 * W E * W E X E ~ W E Y E * W E Z E v W E T E  M A I N  1 4 1  
1 1 6  FORMAT ( 6 3 H O  THE G I V )  CURVE I S  CONSTRUCTED FROM THE F O L L O W I N G  I N P U M A I N  1 4 2  

Z T  DATA.  / /  7H WE = F10*3,8H, WEXE = F l O * 4 t B H *  WEYE = E 1 0 * 5 * 8 H *  WEZMAlN  1 4 3  
Z E  = E 1 0 * 5 , 8 H *  WETE ~ E 1 0 e 5  ) M A I N  1 4 4  

GO TO 4 0  M A I N  1 4 5  
2 1  W R I T E O U T P U T T A P E 6 * 1 2 2 r O r E N ( I I E N )  M A I N  1 4 6  

1 2 2  FORMAT ( 3 2 H  THE I N P U T  G V A L U E S *  ENERGY I N  A 6 9  M A I N  1 4 7  
Z 1 8 H *  ARE G I V E N  SELOW. / / I  M A I N  1 4 8  
w R ~ T E O U T P U T T A P E ~ ~ ~ ~ ~ ~ ( G ~ I ) ~ I = ~ ~ N )  M A I N  1 4 9  

1 1 5  FORMAT ( l X l O F l l * 3 )  M A I N  1 5 0  
W R I T E O U T P U T T A P E 6 r l 2 8  M A I N  1 5 1  

1 2 8  FORMAT ( 2 0 X 4 8 H V A L U E S  O F  -10.  ARE TO B E  FOUND B Y  I N T E R P O L A T I O N . )  M A I N  1 5 2  
C M A I N  1 5 3  
C P R I N T  BV D A T A *  OR R O T A T I O N A L  CONSTANTS M A I N  1 5 4  
C M A I N  1 5 5  

4 0  I F  ( I B H K )  4 1 , 4 2 9 4 1  M A I N  1 5 6  
4 1  W R I T E O U T P U T T A P E 6 r D U F M T  M A I N  1 5 7  

W R I T E O U T P U T T A P E 6 * 1 2 0 * B E g A L P H A E I G A M M A E ~ D E L T A E * E P S L N E  M A I N  1 5 8  
1 2 0  FORMAT ( 6 4 H O  THE B V I V )  CURVE I S  CONSTRUCTED FROM THE F O L L O W I N G  I N P M A I N  1 5 9  

Z U T  D A T A *  / / 7 H  B E  = l P E 1 1 . 5 r l O H 1  A L P H A €  = E l l * 4 , 1 0 H *  GAMMAE = M A I N  1 6 0  
Z  E 1 1 * 4 r l O H ,  D E L T A E  = E 1 1 . 4 ~  1 0 H ~  E P S L N E  = € 1 1 0 4 )  M A I N  1 6 1  

GO TO 4 3  M A I N  1 6 2  
4 2  WRITEOUTPUTTAPE6,127~QIEN(IIEB) M A I N  1 6 3  

1 2 7  FORMAT ( 3 3 H  THE I N P U T  B V  V A L U E S *  ENERGY I N  A 6 9  M A I N  1 6 4  
Z  1 8 H ~  ARE G I V E N  BELOW* / / I  M A I N  !65  
W R I T E O U T P U T T A P E 6 r l 2 9 ~ ~ B V ~ I ) * I = l r N )  M A I N  1 6 6  

1 2 9  FORMAT ( l X l O F l l * 6 )  M A I N  1 6 7  
W R I T E O U T P U T T A P E 6 t l 2 8  M A I N  1 6 8  

C M A I N  1 6 9  
C PR I NT HEAD I NG M A I N  1 7 0  
4  3 WRITEOUTPUTTAPE6+101((FMT(I)tI=1~24) M A I N  1 7 1  
C M A I N  1 7 2  

2 0 0  I F  ( Z M A S 2 )  2 0 1 t 2 0 1 9 2 0 2  M A I N  1 7 3  
Y 



Table I. (Contd.) 

201 ZMU = ZMASl MAIN 174 
GO TO 204 M A I N  175 

'd 202 ZMU = ZMASl*ZMAS2/(ZMASl+ZMAS2) MAIN 176 
204 ZIMS(1) = 1.0 ' MAIN 177 

ZIMS(2) = e9996784 M A I N  178 
,ZIRA(l) = 1.0 M A I N  179 
ZIRA(2) = 1.889766 M A I N  180 
ZMU = ZMU * ZIMS(1IMS) M A l N  181, 
ZIEN(1) = ZMU * 3.643668E3 M A I N  182 
ZIEN(2) = ZMU 9 1.6610826E-2 M A I N  183 
7TFN(7) = ZMlJ * 1.339776E2 M A I N  184 
FACM = 60*201702/ZMU M A l N  185 

206 X I ( 1 )  = 0.5 M A I N  186 
207 DO 208 I = 2tN MAIN 187 

I L = I - 1  M A I N  188 
X I ( I )  = XI(IL) + 1.0 MAIN 189 

208 CONTINUE MAIN 190 
ZERO = 0.0 M A I N  191 
W R I T E O U T P U T T A P E 7 r l O l r ( F M T (  I )tI=lt24) MA I N  192 
WRITEOUTPUTTAPE7rl38tREtZERO M A I N  193 

138 FORMAT (lXF9.7tF10.3) MAIN 194 
210 CALL R K R ( R M I N I R M A X ~ V S T A R T ~ V F I N ~ H D E D ~ N F I N ~ E V ~ ~ U ~ I Q H K ~ I B H K I O P E V I  MAIN 195 

Z , IOPAtBEQUILtIOPFG) MAIN 196 
GO TO 1 M A I N  197 

400 CALL EX I T  M A I N  198 
END  M A I N  199 
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CRKR F I N D S  T U R N I N G  P O I N T S  FROM G I V )  AND B V  D A T A *  OR FROM CONSTANTS RKR 0 0 0  
S U B R O U T I N E  R K R l R M I N t R M A X ~ V S T A ~ V F I N I H D E D ~ M ~ E V l ~ U ~ I Q H K I B H K I O P E V  RKR 0 0 1  

Z  I O P A I B E Q U I L I I O P F G )  RKR 0 0 2  k. 

D I M E N S I O N  U E V ( 3 0 0 0 ) ~ E V l 3 0 0 0 ) r B V ~ 2 O O ~ ~ B I ~ 3 O O O ~ ~  RKR 0 0 3  
L T E M P l 2 O O ) ~ U l 2 0 0 ) r R M I N l 2 0 0 ) r R M A X l 2 0 0 ) r Y ( Z O O ~ ~ Z l 2 O O ~ ~  RKR 0 0 4  
Z  Z O C l 9 ) r M Z ( 5 ) ~ I Z l 5 ) r I B l 4 O ~ ~ I G l 4 O )  RKR 0 0 5  

D  D I M E N S I O N  V ( 2 0 0 ) * G 1 2 0 0 ) t B 0 ( 2 0 0 ) * 0 E V 1 2 0 0 ~ * 0 V 1 2 0 0 ~ ~ X G 1 2 G 1 2 0  RKR 0 0 6  
Z  Z G ( 2 0 ) ~ E P S H l 1 ) ~ A G A U S ( 5 ~ 2 O ~ ~ X G A U S ~ 5 ~ 2 O ~ ~ V S T A l V F I N l  RKR 0 0 7  
Z H b E D ( l l r D E N Q 1 2 0 )  R k R  0 0 8  

COMMON Y I T E M P I U E V ~ E V I Q I N S T * N ~ M S T * M ~ X M I N ~ X M A X I I N S C M B E G N U S E D B I  RKR 009 
Z N I ~ N S I M A X I T * F A C M * Z M U ~ D E * W E * W E X E ~ W E Y E * W E Z E W E T E B E A L P H A E  RKR 0 1 0  
Z  GAMMAEIDELTAEI V N I N * S Q , M Q * S P E P *  USBVIZ~ICKIHI  KIHDES RKR 0 1 1  
Z 9EPSLNE RKR 0 1 2  

G F U N C F I X ) =  ( ( ( ( ( ( ( ( W E T E * X ) + W E Z E ) * X ) + W E Y E ) * X ) - W E X E ) * X ) + W E ) * X  RKR 0 1 3  
S F U N C F I X )  = ( ( ( ( ( ( ( E P S L N E * X ) + D E L T A E ) * X ) + G A M M A E ) * X ) - A L P H A E * X + B E  RKR 0 1 4  

C  F A C  = ( H P L A N C K + N A V / ~ * P I * * ~ * C ) * * O ~ * E ~ / Z M U * * * ~  RKR 0 1 5  
F A C  = 4 o 1 0 5 7 8 5 4 / S Q R T F l Z M U )  RKR 0 1 6  
NPROB = 1 RKR 0 1 7  
NUST  = 8  RKR 0 1 8  
E V 1  = 0.0 RKR 0 1 9  

2 0 1  C A L L  T I M E I B E G I N )  RKR 0 2 0  
C RKR 0 2 1  
C T U R N I N G  P O I N T S  FOUND FOR V  = ' V S T A * V F I N * H D E D .  RKR 0 2 2  
C  RKR 0 2 3  
C  I N T E R P O L A T E  G I V )  AND B V  DATA RKR 0 2 4  
C  RKR 0 2 5  

2 0 2  JJ = 0 RKR 0 2 6  
J K  = 0  RKR 0 2 7  
I J  = 0 RKR 0 2 8  
I K  = 0  RKR 0 2 9  
H D E S  = 001  RKR 0 3 0  
WBFC = 1 RLR 0 3 1  
I F I I O P E V - 1 ) 3 0 0 0 t 3 0 0 1 ~ 3 0 0 0  RKR 0 3 2  

3 0 0 1  E V l  = 2 1 1 )  RKR 0 3 3  
3 0 0 0  W R I T E O U T P U T T A P E 6 9 1 1 4 r N U S T  RKR 0 3 4  

1 1 4  FORMAT 1 2 0 H 3  NUSED I N  BESRKR = I 2 9 l H . )  RKR 0 3 5  
DC 1 8 7  I - 1 , N  R K R  0 3 6  
I F  l Z ( I )  + 10.1 1 8 2 9 1 8 3 ~ 1 8 2  RKR 0 3 7  

1 8 2  I J  = I J  + 1 RKR 0 3 8  
T E M P I I J )  = Y ( I )  RKR 0 3 9  
U I I J )  = Z I I )  RKR 0 4 0  
GO T O  1 8 4  RKR 0 4 1  

1 8 3  JJ = JJ + 1 RKR 0 4 2  
U E V I J J )  = Y I I )  RKR 0 4 3  
I G I J J )  = I RKR 0 4 4  

1 8 4  I F  I B V I I )  + 1 0 . )  1 8 5 9 1 8 6 r 1 8 5  RKR 0 4 5  
1 8 5  I K  = I K  + 1 RKR 0 4 6  

R M I N I I K )  = Y I I )  RKR 0 4 7  
R M A X I I K )  = B V ( I 1  RKR 0 4 8  
GO TO 1 8 7  RKR 0 4 9  

1 8 6  J K  = J K  + 1 RKR 0 5 0  
E V I J K )  = Y ( I )  RKR 0 5 1  b 

I B ( J K )  = I RKR 0 5 2  
1 8 7  C O N T I N U E  RKR 0 5 3  

I F  I J J )  1 9 1 r 1 9 1 r 1 8 8  RKR 0 5 4  
1 8 8  C A L L  NTRPSR I T E M P I U ~ U E V I B I ~ H D E S I I J , J J * V N I N * V N * I N S C * M B E G * N U S T )  RKR 0 5 5  

LOC = 8  RKR 0 5 6  
I F  ( I N S C )  2 8 8 9 1 8 9 r 2 8 8  RKR 0 5 7  
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1 8 9  DO 190 I = l r J J  RKR 0 5 8  
I J  = I G ( 1 )  RKR 0 5 9  
Z ( I J )  = B I ( 1 )  RKR 0 6 0  

1 9 0  C O N T I N U E  RKR 0 6 1  
1 9 1  I F  ( J K )  1 9 6 r 1 9 6 r 1 9 2  RKR 0 6 2  
1 9 2  C A L L  NTRPSR ( R M I N ~ R M A x ~ E V ~ B I ~ H D E S ~ I K ~ J K ~ V N I N S C M B E G N U S  RKR 0 6 3  

LOC = 9  RKR 0 6 4  
1 9 3  I F  ( I N S C )  2 8 8 , 1 9 4 9 2 8 8  RKR 0 6 5  
1 9 4  DO 1 9 5  I = l r J K  RKR 0 6 6  . 

I K  = I B ( 1 )  RKR 0 6 7  
B V ~ I K . )  : e r  c r  1 R K R  Q A A  

1 9 5  C O N T I N U E  RKR 0 6 9  
1 9 6  I F  ( I Q H K )  2 0 4 r 2 0 3 r 2 0 4  RKR 0 7 0  . 
2 0 4  E V 1  = -GFUNCF(O.51 RKR 071 

I O P E V  = 0  RKR 0 7 2  
DO 1 7 0  I = l r N  RKR 0 7 3  

I Z ( I )  = G F U N C F ( Y I 1 ) )  + E V 1  RKR 0 7 4  ~ 1 7 0  C O N T I N U E  RKR 0 7 5  
GO T O  2 1 1  RKR 0 7 6  

2 0 3  I N T G  = I N T Q  RKR 0 7 7  
MBEG = 1 RKR 0 7 8  
M =  1 RKR 0 7 9  
U E V I 1 )  = 0 0  RKR 0 8 0  
HOES = 1. RKR 0 8 1  
E V 1  = - E V 1  RKR 0 8 2  
I F  ( E V 1 )  2 1 1 r 2 0 6 9 2 0 6  RKR 0 8 3  

2 0 6  CALL N T R P S R ~ Y ~ Z , U E V ~ E V ~ H D E S ~ N ~ M ~ V N I N , V N ~ I N S C , M B E G ~ N U S T ~  RKR 0 8 4  
LOC = 1 RKR 0 8 5  

2 0 8  I F  ( I N S C )  2 8 8 r 2 1 0 r 2 8 8  RKR 0 8 6  
2 1 0  E V 1  = E V ( 1 )  RKR 0 8 7  

C  E V l  NOW C O N T A I N S  THE ZERO P O I N T  ENERGY BY E X T R A P O L A T I O N .  RKR 0 8 8  
2 1 1  I F  ( I B H K )  1 7 1 r 2 0 7 r 1 7 1  RKR 0 8 9  
171 E V ( 1 )  = B E  RKR 0 9 0  

DO 1 7 2  I = l r N  RKR 091 
B V ( 1 )  = B F U N C F ( Y ( 1 ) )  RKR 0 9 2  

1 7 2  C O N T I N U E  RKR 0 9 3  
GO TO 2 0 5  RKR 0 9 4  

2 0 7  I F  ( I O P A )  2 0 7 1 r 2 0 7 2 r 2 0 7 1  RKR 0 9 5  
2 0 7 1  E V ( 1 )  = B E Q U I L  . RKR 0 9 6  

GO TO 2 0 5  RKR 0 9 7  
2 0 7 2  C A L L  NTRPSR (YrBVrUEVrEV,HDESrNrMrVNlNrVNrINSCrMBEGrNUST) RKR 0 9 8  

C  E V ( 1 )  NOW C O N T A I N S  B E  BY E X T R A P C L A T I O N  RKR 0 9 9  
LOC = 7 RKR 1 0 0  
I F  ( I N S C )  2 8 8 r 2 0 5 r 2 8 8 .  RKR 1 0 1  

Z C 5  V ( 1 )  = C. RKR 1 0 2  
2 1 1 ;  = 0. RKR 1 0 3  
??! 1 1  = .Fvt 1 )  RKR 1 0 4  
-.,/; : -7 I ::. 1 .N RKR 1 0 5  
\ 1 j ( i . 4 . : )  = y r  1 1  RKR 1 0 6  
G ( 1 + 1 )  = Z ( I 1  RKR 1 0 7  
B O ( I + l )  = B V ( I 1 .  .. RKR 1 0 8  

2 0 9  C O N T I N U E  , RKR 1 0 9  
N P = N + 1  RKR 1 1 0 ,  
I F  ( I O P E V )  2 0 9 1 r 2 0 9 2 r 2 0 9 1  RKR 111 

2 0 9 1  C O N T I N U E  RKR 1 1 2  
E V 1  = E V 1 +  G ( 2 )  . RKR 1 1 3  

2 0 9 2  DO 2 1 3  I = 2 r N P  RKR 114 
G ( I )  = G ( I )  - E V 1  RKR 1 1 5  
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Y ( 1 )  = V ( 1 )  RKR 1 1 6  
Z ( I )  = G ( I )  RKR 1 1 7  
B V ( 1 )  = B O ( I )  RKR 1 1 8  

2 1 3  CONTINUE RKR 1 1 9  
I F  (TOPEV) 2 1 3 1 r 2 1 3 2 r 2 1 3 1  RKR 1 2 0  

2 1 3 1  EV1 = - G ( 2 )  RKR 1 2 1  
2 1 3 2  I F  (NPROB-17)  2 1 3 3 t 2 1 3 4 r 2 1 3 3  RKR 1 2 2  
2 1 3 4  M = 1 RKR 1 2 3  

E V ( 1 )  = DE RKR 1 2 4  
CALL NTRPSR (ZtYtEVtUEV*HDESrNPtMrVNINrVNrIMSCrMBEG*NUSTl RKR 1 2 5  
LOC = 2  RKR I 2 6  
I F  ( I N S C )  2 8 8 r 2 1 3 5 r 2 8 8  RKR 1 2 7  

2 1 3 5  NP = NP + 1 RKR 1 2 8  
Y ( N P )  = UEV RKR 1 2 9  
V ( N P )  = I IEV RKR 1 3 0  
Z ( N P )  = DE RKR 1 3 1  
G ( N P )  = DE RKR 1 3 2  
B O ( N P )  = 0 0  RKR 1 3 3  
B V ( N P )  = 0. RKR 1 3 4  

2 1 3 3  Y ( 1 )  = 0. RKR 1 3 5  
Z ( 1 )  = 0. RKR 1 3 6  
B V ( 1 )  = B O ( 1 )  RKR 1 3 7  
VMIN = VSTA R K R  1 3 8  
VN = V F I N  RKR 1 3 9  
HDES = HDED RKR 1 4 0  
M = O  RKR 1 4 1  
WRITEOUTPUTTAPE6tll3r(Y(I)rZ(I)*I=lrNP1 RKR 1 4 2  

1 1 3  FORMAT (33HO THE G ( V )  VALUES USED BELOW ARE / 6 ( 4 X l H V l O X l H G 4 X )  / /  RKR 1 4 3  
Z  6 ( 1 X F 7 * 3 r F 1 2 . 4 ) )  RKR 1 4 4  
w R I ~ E O U T P U ~ ~ A P E ~ ~ ~ O ~ ~ ( Y ( ~ ) ~ B V ( I ) ~ I = ~ ~ N P )  RKR 1 4 5  

1 0 8  FORMAT (33HO THE B V ( V )  VALUES USED BELOW ARE / 6 ( 4 X l H V 9 X 2 H B V 4 X )  //RKR 1 4 6  
Z  6 ( 1 X F 7 0 3 r F 1 2 0 7 ) )  RKR 1 4 7  

I F  ( I Q H K )  2 1 5 r 2 1 2 t 2 1 5  RKR 1 4 8  
2 1 5  M = X F I X F ( ( V F 1 N - V S T A ) / H D E D )  + 1 RKR 1 4 9  

DO 2 1 7  I = 1 r M  RKR 1 5 0  
O E V ( 1 )  = VSTA + F L O A T F ( 1 - l ) * H D E D  RKR 1 5 1  
O V ( I )  = G F U N C F ( O E V ( 1 ) )  RKR 152 

2 1 7  CONTINUE RKR 1 5 3  
INSC = 0  RKR 1 5 4  
GO TO 2 1 8  RKR 1 5 5  

2 1 2  CALL N T R P D P ( V ~ G ~ O E V ~ O V I H D E D ~ N P ~ M * V S T A I V F I N , I N S C ~ M B E G * N U S T )  RKR 1 5 6  
LOC = 2  RKR 1 5 7  
WRITEOUTPUTTAPE6rl06tHDESrVMINrVNrMBEG*NUSTrINSCrNPrM RKR 1 5 8  

1 0 6  FORMAT ( 6 H O H D E S = l P E 1 5 * 7 * 7 H t  V M I N = E l 5 . 7 t 5 H *  V N = E 1 5 0 7 r 7 H *  MBEG=I5 /  RKR 1 5 9  
Z9X7H. N U S T = I 5 r 7 H *  I N S C = I 5 * 4 H r  N z I 5 r 4 H 1  M - 1 5 )  RKR 1 6 0  

2 1 8  WRITEOUTPUTTAPE6r lO9 RKR 1 6 1  
1 0 9  FORMAT (54HO OUTPUT VtG--LEVELS AT WHICH TURNING POINTS ARE FOUND/RKR 1 6 2  

Z  6 ( 4 X l H V l O X l H G 4 X )  / / )  RKR 1 6 3  
W R I T E O U T P U T T A P E 6 r l 0 7 r ~ O E V ( I ) t O V ( I ) r I ~ 1 t M ~  RKR 1 6 4  

1 0 7  FORMAT ( 6 ( 1 X F 7 * 3 r F 1 2 0 4 ) )  RKR 1 6 5  
2 1 4  I F  ( I N S C )  2 8 8 r 2 1 6 r 2 8 8  RKR 1 6 6  
2 1 6  DO 2 1 9  I = 1 t M  RKR 1 6 7  

T E M P ( 1 )  = O E V ( 1 )  RKR 1 6 8  
U ( 1 )  = O V ( 1 )  RKR 1 6 9  

2 1 9  CONTINUE RKR 1 7 0  
C RKR 1 7 1  
C INTEGRATION CONSTANTS RKR 1 7 2  
C RKR 1 7 3  
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STEP = 0 9  
M Z ( 1 )  = 1 0 1  
M Z ( 2 )  = 8 1  
M Z ( 3 )  = 6 1  
I Z ( 1 )  = 8  

D  X G A U S ( l r 1 )  = 0 0 1 9 8 5 5 0 7 1 7 5 1 2 3 2  
D X G A U S ( l r 2 )  = e l 0 1 6 6 6 7 6 1 2 9 3 1 8 6  
D  X G A U S ( l r 3 )  = 0 2 3 7 2 3 3 7 9 5 0 4 1 8 3 6  
D  X G A U S ( l r 4 )  = 0 4 0 8 2 8 2 6 7 8 7 5 2 1 7 5  
D X G A U S ( 1 9 5 )  = 1. - X G A U S ( l r 4 )  
D X G A U S ( l r 6 )  = 1 e  - X G A U S ( 1 9 3 )  
D X G A U S ( l r 7 )  0 l r  - XCAUS(1,2)  
D  X G A U S ( 1 9 8 )  = 1 0  - X G A U S ( 1 9 1 )  
D  A G A U S ( l r 1 )  = 0 0 5 0 6 1 4 2 6 8 1 4 5 1 8 8  
D A G A U S ( 1 9 2 )  = e l 1 1 1 9 0 5 1 7 2 2 6 6 8 7  
3 A G A U S ( 1 9 3 )  = 0 1 5 6 8 5 3 3 2 2 9 3 8 9 4 4  
D A G A U S t l 9 4 )  = o 1 8 1 3 4 1 8 9 1 6 8 9 1 8 1  
U AGAUS(1951  = A G A U S ( l r 4 )  
D A G A U S ( l . 6 )  = A G A U S ( 1 9 3 )  
D  A G A U S ( l t 7 )  = A G A U S ( 1 9 2 )  
D A G A U S ( l r 8 )  = A G A U S ( l r 1 )  

I Z ( 2 )  = 6  
D X G A U S ( 2 9 1 )  = 0 0 3 3 7 6 5 2 4 2 8 9 8 4 2 4  
D  X G A U S ( 2 9 2 )  = e l 6 9 3 9 5 3 0 6 7 6 6 8 6 8  
D  X G A U S ( 2 9 3 )  = 0 3 8 0 6 9 0 4 0 6 9 5 8 4 0 2  
D X G A U S ( 2 9 4 )  = 10 - X G A U S ( 2 r 3 )  
D  X G A U S ( 2 9 5 )  = 1 s  - X G A U S ( 2 r 2 )  
D  X G A U S ( 2 t 6 )  = 10 - X G A U S ( 2 r l )  
D  A G A U S ( 2 r l )  = 0 0 8 5 6 6 2 2 4 6 1 8 9 5 8 5  
D A G A U S ( 2 9 2 )  = 0 1 8 0 3 8 0 7 8 6 5 2 4 0 7 0  
D  A G A U S ( 2 r 3 )  = 0 2 3 3 9 5 6 9 6 7 2 8 6 3 4 5  
D A G A U S ( 2 9 4 )  = A G A U S ( 2 9 3 )  
D A G A U S ( 2 9 5 )  = A G A U S ( 2 r 2 )  
D A G A U S ( 2 9 6 )  = A G A U S ( 2 r l )  

I Z ( 3 )  = 4  
D  X G A U S ( 3 9 1 )  = e 0 6 9 4 3 1 8 4 4 2 0 2 9 7 4  
D X G A U S ( 3 9 2 )  = 0 3 3 0 0 0 9 4 7 8 2 0 7 5 7 2  
3 X G A U S ( 3 9 3 )  = 1 0  - X G A U S ( 3 r 2 )  
D X G A U S ( 3 9 4 )  = 1. - X G A U S ( 3 9 1 )  
D  A G A U S ( 3 r l )  = 0 1 7 3 9 2 7 4 2 2 5 6 8 7 2 7  
D  A G A U S ( 3 t 2 )  = 0 3 2 6 0 7 2 5 7 7 4 3 1 2 7 3  
D  A G A U S ( 3 9 3 )  = AGAUS(3.2)  
D  A G A U S ( 3 9 4 )  = A G A U S ( 3 r l )  
D  Z G ( 1 )  = Z G ( 3 )  

WRITEOUTPUTTAPE69100 
1 0 0  FORMAT ( 1 H 1 )  
2 2 4  DO 2 8 0  I = 1 r M  

r> TEMPI = O E V ( 1 )  
NUS2 = NUST/2 
NB = NUS2 + 1 
N F = N - N B + 1  
DO 2 2 5  J = N B t N F  
I F  ( T E M P I  - V ( J ) )  2 3 5 , 2 3 5 9 2 2 5  

2 2 5  CONTINUE 
I S G  = NF + 1 
GO TO 2 3 7  

2 3 5  I S G  = J 
2 3 7  NSTA = I S G  - NUS2 

RKR 1 7 4  
RKR 1 7 5  
RKR 1 7 6  
RKR 1 7 7  
RKR 1 7 8  
RKR 1 7 9  
RKR 1 8 0  
RKR 1 8 1  
RKR 1 8 2  
RKR 1 8 3  
RKR 1 8 4  
R K R  1 8 5  
RKR 1 8 6  
RKR 1 8 7  
RKR 1 8 8  
RKR 1 8 9  
RKR 1 9 0  
RKR 1 9 1  
RKR 1 9 2  
RKR 1 9 3  
RKR 1 9 4  
RKR 1 9 5  
RKR 1 9 6  
RKR 1 9 7  
RKR 1 9 8  
RKR 1 9 9  
RKR 2 0 0  
RKR 2 0 1  
RKR 2 0 2  
RKR 2 0 3  
RKR 2 0 4  
RKR 2 0 5  
RKR 2 0 6  
RKR 2 0 7  
RKR 2 0 8  
RKR 2 0 9  
RKR 2 1 0  
RKR 2 1 1  
RKR 2 1 2  
RKR 2 1 3  
RKR 2 1 4  
RKR 2 1 5  
RKR 2 1 6  
RKR 2 1 7  
RKR 2 1 8  
RKR 2 1 9  
RKR 2 2 0  
RKR 2 2 1  
RKR 2 2 2  
RKR 2 2 3  
RKR 2 2 4  
RKR 2 2 5  
RKR 2 2 6  
RKR 2 2 7  
RKR 2 2 8  
RKR 2 2 9  
RKR 2 3 0  
RKR 2 3 1  
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D  V M I N  = 00 
FEG = 0 0  
CEG = 06 
L T  = 1 
I Z G D  = 0  
GDO = 0. 
FDO = 0. 
I S G  = 0 
IS0 = 0 

C 
C  COMMENCE F I N D I N G  TURNING P O I N T S  BY INTEGRATION 
C  

C A L L  T I M E  ( B E G I A )  
D  2 2 6  BS = VMIN + ( T E M P I  - V M I N )  * STEP 

2 2 7  I F  ( L T - 3 )  2 2 8 9 2 2 8 r 3 0 1  
2 2 8  HQ 3 h4ZILT)  
2 2 3  KM = ( M Q - 1 ) / 2  

T M I N  = VMIN 
TS = B S  . 
A  = I T S - T M I N ) / F L O A T F ( M Q - 1 )  
MX = 0  
I F  ( I Q H K )  4 0 1 r 2 2 9 9 4 0 1  

2 2 9  C A L L  N T R P S R ( Y I Z ~ U E V , E V ~ A , N P , M X I T M I N ~ T S ~ I N S C , M ~ E G ~ N U S T )  
2 3 0  LOC = 3  
2 3 1  I F  ( I N S C )  2 8 8 9 2 3 2 , 2 8 8  
2 3 2  I F  (GDO) 2 3 6 9 2 3 3 9 2 3 6  
2 3 3  MX = 0  

I F  ( I B H K )  4 0 3 , 2 3 7 9 4 0 3  
2 3 9  CALL  N T R P S R ( Y , B V ~ U E V ~ B I ~ A ~ N P ~ M X ~ T M I N ~ T S ~ I N S C ~ M B E G S N U S T )  

I.OC = 4  
2 3 4  I F  ( I N S C )  2 8 8 , 2 3 6 9 2 8 8  
2 3 6  DO 2 3 8  J = 19MQ 

DENQ = U ( I )  - E V I J )  
I F  (DENQ)  2 9 2 9 2 9 2 r 2 4 1  

2 4 1  U E V (  J )  = l . /SQRTF DENQ 
E V I J )  = B I I J )  * U E V ( J )  

2 3 8  CONTINUE 
tSUM = U E V ( 1 )  + 4 o + U E V ( 2 )  + U E V I M Q )  
GSUM = E V ( 1 )  + 4 . * E V ( Z )  + E V ( M Q )  

2 4 0  DO 2 4 2  J = 29KM 
FSUM = FSUM + 4 o * U E V ( 2 * J )  + 2 0 * U E V ( 2 * J - l )  
GSUM = GSUM + 4 o * E V ( 2 * J )  + Z o * E V ( Z * J - l )  

2 4 2  CONTINUE 
FEGZ = A*FSUM/3o 
GEGZ = A*GSUM/3. 

2 5 0  I F  ( L T  - 1 )  2 6 2 9 2 6 2 9 2 5 4  
3 0 1  I Z D O  = ( L T - 1 ) / 3  

I F  ( I Z D O  - 3 )  3 0 4 9 3 0 4 9 3 0 3  
3 0 3  I Z D O  = 3  
3 0 4  NGAS = I Z ( I Z D 0 )  

DO 3 0 6  J = 19NGAS 
D  X G ( J )  = ( B S - V M I N )  * X G A U S ( I Z D O 9 J )  + VMIN 

U E V I J )  = X G ( J )  
3 0 6  CONTINUE 

MST = 1 
0 EPSH = TEMPI - XGINGASI  

FEPS = EPSH 
I F  I E P S H ( 1 ) )  2 7 6 9 3 0 7 9 3 0 8  

RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
R K R  
RKR 
R  KR 
RKR 
R  KR 
RKR 
RKR 
RKR 
R  KR 
R K R  
R k R  
R  KR 
RKR 
RKR 
R  KR 
RKR 
RKR 
RKR 
R  KR 
R KR 
R  KR 
R KR 
RKR 
R KR 
R  KR 
R K R  
RKR 
RKR 
RKR 
R  KR 
RKR 
R KR 
RKR 
R  KR 
R KR 
R  KR 
RKR 
R  KR 
RKR 
RKR 
R K R  
R KR 
RKR 
R  KR 
RKR 
R  KR 
RKR 
RKR 
RKR 
R K R  
RKR 
R K R  
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307  I F  ( E P S H ( 2 ) )  27692769308  
308 I F  ( I Q H K )  40593099405  
309 CALL N T R P D P ( V ~ G I X G ~ Y G ~ E P S H I N P I N G A S ~ \ I M I N ~ B S * I N S C ~ M S T * N U S T )  

LOC = 5  
3 1 0  I F  ( I N S C ) '  28893119288  
3 1 1  I F  ( I Z G D )  31293129340  
3 1 2  I F  (GDOI 3 1 8 9 3 1 4 r 3 1 8  
3 1 4  MST = 1 

I F  ( I B H K )  40793159407  
315 CALL NTRPSR ( Y ~ B V ~ U E V I B I ~ F E P S , N P ~ N G A S I T M I N ~ T S , I N S C ~ M S T * N U S T )  

LOC = 6  
316  I F  ( I N S C )  2 8 8 * 3 1 8 * 2 8 8  
318 FSUM = 0.0 

GSUM = 0.0 
DO 3 2 0  J = 19NGAS 
I F  ( I Q H K )  71893171718  

D 317  D E N Q ( J ) , =  O V ( I )  - Y G ( J )  
718  I F  ( D E N Q ( J ) )  29292929323  
323 X G ( J )  = A G A U S ( I Z D O 9 J ) / S Q R T F ( D E N Q ( J ) )  

Y G ( J )  = B I ( J )  * XG(J)  
FSUM = FSUM + X G ( J )  
GSUM = GSUM + Y G ( J )  

3 2 0  CONTINUE 
I F  ( B I ( N G A S 1 - B I ( 1 ) )  32293219322  

3 2 1  IZGD = 1 
D 322 BSV = BS - VMIN 

FEtiZ = USV * FSUM 
324  GEGZ = BSV * GSUM 

GO'TO 254 
3 4 0  FSUM = 0.0 

DO 342  J = 19NGAS 
D DENQ = O V ( 1 )  - Y G ( J )  

I F  (DENQ) 29292929341  
3 4 1  X G ( J )  = A G A U S ( I Z D O s J ) / S Q R T F ( D E N Q I  

FSUM = FSUM + X G ( J )  
342  CONTINUE 

GSUM = BI (NGAS)  * FSUM 
GO TO 322 

254 I F  (FEGZ/FEG - 1.E-6) 25592559256  . 
255 FDO = 1. 
256 I F  (GEG2/GEG - 1.E-6) 25792579258 
257 GDO = 1. 
258 I F  (ABSF(FEGZIFEG1) - 0 9 )  26092609259  
259 FDO = 1. 
260 I F  (ABSF(GEGZ/GEGl) - 0 9 )  26292629261  
2 6 1  GDO = l r  

' 262 LT = LT + 1 
FEGl  = FEGZ 
GEG1 = GEGZ 

264  I F  (FDO) 26992669269 
266 FEG = FEG + FEGZ 
268 I F  (GDO) 272'92709272 
269 I F  (GDO) 27692709276  
270  GEG = GEG + GEGZ 

D  272 VMIN = BS 
I F  ( IOPFG) 27392749273  

273 CALL TIME (AFTEA)  
XTIQ = (AFTEA-BEGIA)*60. 

RKR 290 
RKR 291  
RKR 292 
RKR 293 
RKR 294 
RKR 295 
RKR 296 
RKR 297 
RKR 298 
RKR 299 
RKR 300  
R,KR 701 
RKR 302 
RKR 303 
RKR 304 
RKR 305 
RKR 306 
RKR 307 
RKR 308 
RKR 309 
RKR 3 1 0  
RKR 311  
RKR 312 
RKR 313 
RKR 314 
RKR 315 
RKR 316 
RKR 317  
RKR 318 
RKR 319 
RKR 320  
RKR 3 2 1  
RKR 322 
R K R  323 
RKR 324 
RKR 325 
RKR 326 
RKR _ 327 
RKR 328 
RKR 329 
RKR 330  
RKR 3 3 1  
RKR 332 
RKF? 333 
RKR 334  
RKR 335 
RKR 336 
RKR 337 
RKR 338 
RKR 339 
RKR 340 
RKR 3 4 1  
RKR 342 
RKR 343 
RKR 344  
RKR 345 
RKR 346 
RKR 347 
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B E G I A  = AFTEA RKR 3 4 8  
W R I T E O U T P U T T A P E 6 r l l O r F E G ~ G E G ~ X T I Q  RKR 3 4 9  

110 FORMAT ( 6 X 6 H F E G  = 1PE15 .79  8 H 9  GEG = E 1 5 * 7 t l O X 9 H P E Q U I R E D  OPF8.5r  RKR 3 5 0  
Z  9 H  S E C O N D S * )  RKR 1 5 1  

2 7 4  I F  ( L T - 2 0 )  2 2 6 9 2 2 6 9 2 9 0  RKR 3 5 2  
2 7 6  F  = F E G  * F A C  RKR 3 5 3  

G F  = GEG / F A C  RKR 3 5 4  
R M A X ( 1 )  = S Q R T F I F * F  + F / G F )  + F RKR 3 5 5  
R M I N I I )  = R M A X I I )  - 2.*F RKR 3 5 6  
C A L L  T I M E I A F T E R )  RKR 3 5 7  
X T I Q  = 6 0 * * ( A F T E R - B E G I N )  RKR 3 5 8  
BEG1  N = AFTER RKR 3 5 9  
W R I T E O U T P U T T A P E 6 r l 0 4 ~ T E M P I ~ U ( I ) ~ R M I N ~ I ~ ~ R M A X ~ I ~ ~ X T I Q ~ B I l N G A S ~  RKR 3 6 0  

Z  r F r G F  RKR 3 6 1  
1 0 4  FORMAT 110HO FOR V = F 7 . 3 t 6 H i  G = F l O a 3 t 1 4 H  1 /CM9  R M I N  = F 1 0 . 7 -  RKR 362  

Z 1 2 H  AND RMAX = F 1 0 * 7 r 2 7 Y  4NCSTROMSa T H I S  R E Q U I R E D  F8.59 RKR 363 
Z 9 H  SECONDS* / 2 0 X 1 2 H  A L S O *  B V  = F12.7  / 2 0 X 4 9 H  THE K L E I N  ARKR 3 6 4  
Z C T I O N  I N T E G R A L S  F AND G ARE EQUAL  T O  2 E 1 5 r 9 / / / )  RKR 3 6 5  
W R I T E O U T P U T T A P E 7 t l 0 5 r R M I N ( I ) r U ( I ) ~ R M A X l I ~ ~ U l I ~  RKR 3 6 6  

1 0 5  FORMAT I l X F 9 * 7 9 F 1 0 * 3  / l X F 9 * 7 9 F 1 0 * 3 )  RKR 3 6 7  
2 8 0  C O N T I N U E  RKR 3 6 6  

DO 2 8 4  I = 1 t N  RKR 369 
Z ( 1 )  = Z I I + l )  RKR 3 7 0  
Y ( I )  = Y ( I + l )  RKR 3 7 1  
B V ( I )  = B V I I + l )  RKR 3 7 2  

2 8 4  C O N T I N U E  RKR 3 7 3  
W R I T E O U T P U T T A P E 6 t 1 0 0  RKR 3 7 4  

2 8 6  RETURN RKR 3 7 5  
2 8 8  Z O C ( 1 )  = 6 H  E V 1  RKR 3 7 6  

Z O C ( 2 )  = 6 H G l L E V )  RKR 3 7 7  
Z O C ( 3 )  = 6 H S * P * E V  RKR 3 7 8  
Z O C ( 4 )  = 6 H S * P * B V  RKR 3 7 9  
Z O C 1 5 )  = 6HD.P.EV R K R  3 8 0  
Z O C 1 6 )  = 6HD.P.BV RKR 3 8 1  
Z O C 1 7 )  = 6H  B V 1  RKR 3 8 2  
Z O C ( 8 )  = 6HG F I L L  RKR 383 
Z O C ( 9 )  = 6 H B V F I L L  RKR 3 8 4  
WRITEOUTPUTTAPE6rl02rZOC(LOC),U(I) ' RKR 3 8 5  

1 0 2  FORMAT ( 2 6 H O  NTRPDP UNSUCCESSFUL  FOR A 6 r  l l H r  WHEN U = E 1 6 . 8 )  RKR 3 8 6  
I N T G  = 1 RKR 3 8 7  
GO TO 2 8 6  RKR 3 8 8  

2 9 0  W R I T E O U T P U T T A P E 6 r l O 3  RKR 3 8 9  
1 0 3  FORMAT (2OHO TEG REACHED M A X I T  RKR 3 9 0  

I N T G  = 1 RKR 3 9 1  
GO T O  2 8 6  RKR 3 9 2  

2 9 2  I N T G  = 1 RKR 3 9 3  
W R I T E O U T P U T T A P E 6 r l l l  RKR 3 9 4  

111 FORMAT ( 2 2 H O  DENQ I S  NOT P O S I T I V E )  RKR 3 9 5  
GO TO 2 8 6  RKR 3 9 6  

4 0 1  MX = MQ RKR 3 9 7  
DO 4 0 2  J = 1 r M Q  R K R  3 9 8  
U E V ( J )  = T M l N  + F L O A T F ( J - 1 )  * A RKR 3 9 9  
E V ( J )  = G F U N C F ( U E V 1 J ) )  RKR 4 0 0  

4 0 2  C O N T I N U E  RKR 4 0 1  
GO TO 2 3 2  RKR 4 0 2  

4 0 3  MX = MQ RKR 4 0 3  
DO 4 0 4  J = l r M Q  RKR 4 0 4  
U E V ( J )  = T M I N  + F L O A T F ( J - 1 )  * A RKR 4 0 5  
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B I ( J )  = B F U N C F ( U E V ( J ) )  
404 CONTINUE 

GO TO 236 
405 CALL DGUNC ( X G I D E N Q ~ N G A S I T E M P I )  

GO TO 311 
407 DO 408 J  = l t N G A S  

B I ( J )  = B F U N C F ( U E V ( J I )  
408 CONTINUE 

GO TO 318 
END 

RKR 406 
RKR 407 
RKR 408 
RKR 409 
RKR 410 
RKR 411 
RKR 412 
RKR 413 
RKR 414 
RKR 415 
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TRPSR I N T E R P O L A T I O N  PROGRAM ( B Y  S U C C E S S I V E  R A N G E S )  S I N G L E  PREC. NTRPSOOO 
N T R P S O O l  

THE METHOD OF LAGRANGE I S  USED. THE  I N P U T  P O I N T S  NEED NOT B E  NTRPSOO2 
E Q U A L L Y  SPACED. THERE ARE TWO MODES OF I N P U T  A V A I L A B L E .  THE  N T R P S 0 0 3  
F I R S T  OCCURS WHEN M  = O W  THE A B S C I S S A E  ARE THEN GENERATED FROM NTRPSOO4 
XMINrXMAX,AND XHw AT  E X I T  M  = NO. OF P O I N T S  FOUND*  AND XO NTRPSOO5 
C O N T A I N S  THE A B S C I S S A E .  M  W I L L  B E  CHECKED TO I N S U R E  THAT THE N T R P S 0 0 6  
D I M E N S I O N  I S  NOT EXCEEDED. M D l M M  = THE D I M E N S I O N  O F  THE XOc YO N T R P S 0 0 7  
ARRAYS. THE SECOND MODE OCCURS WPEN M  I S  P O S I T I V E .  THE M N T R P S 0 0 8  
A B S C I S S A E  ARE THEN ASSUMED TO HAVE BEEN GENERATED P R I O R  TO N T R P S 0 0 9  
ENTRY.  THE  S T A R T I N G  I N D E X  FOR THE OUTPUT ARRAY MUST B E  N T R P S O l O  
S P E C I F I E D .  THE F I R S T  P O I N T  FOUND W I L L  B E  AT  X O ( M B E G ) .  XH MUST N T R P S O l l  
B E  G I V E N  S I N C E  THE O R D I N A T E  FOR ANY P O I N T  CLOSEP THAN w O l * X H  TO N T R P S O l 2  
AN I N P U T  P O I N T  I S  TAKEN AS  THAT  FOR THE I N P U T  P O I N T .  -NUSED- I S  N T R P S 0 1 3  
T H F  Nl lMBER OF POTNTS U S E D  FOR EACH TNTERPOLATED P O I N T .  *NLJSED* N T R P S f l l 4  
MUST B E  EVEN AND L E S S  THAN OR EQUAL  TO -N-• NUSED = 8  I S  N T R P S O l 5  
SUGGESTEb. A h y  P O I N T  FARTHER THAN NUSED/Z  P O I N T S  FROM EITHER E N D N T R P S O L ~  
I S  FOUND FROM THE N U S E D / 2  ON EACH S I D E .  NTRPSR W I L L  SCALE  AND N T R P S 0 1 7  
R E S C A L E  I N  ORDER TO A V O I D  OVERFLOW. I F  THE F I R S T  S C A L I N G  DOES Y T R P S 0 1 8  
NOT SUCCEED* NTRPSR W I L L  TRY UP TO 7 T I M E S  YORE BEFORE R E T U R N I N G  N T R P S 0 1 9  
I N  THE  ERROR MODE. ( I N S C  = 1 )  N T R P S O 2 0  
I N P U T  I S  X I * Y I * ( X O ) r X H ~ N , M , ( X M I N ) t ( X M A X ) * M B E G t N U S E D .  N T R P S O 2 l  
OUTPUT I S  ( X O ) r Y O * I N S C .  N T R P S 0 2 2  
I N S C  = 0  I F  PROGRAM WAS SUCCESSFUL.  I F  NOT, I N S C  = 1. N T R P S 0 2 3  

N T R P S 0 2 4  
S U B P O U T I N E  N T R P S R ( X J * Y J ~ X O , Y O , X N * N * Y , ~ X N I N * X N A X * I N S C M B E G N U S E D  N T R P S 0 2 5  
D I M E N S I O N  X I ( 2 0 0 ) r Y I ( 2 0 0 ) r X 0 ( 3 0 0 0 ) ~ Y O ~ 3 O O O ~ ~ X J ( 2 0 0 ~ ~ Y J ~ 2 0 9 ~ ~  N T R D S 0 2 6  

Z  NUMB ( 2 0 0  N T R Q S 0 2 7  
M D I Y M  = 3 0 0 0  N T 9 P S 0 2 8  
XMAX = XNAX N T 9 P S 0 2 9  
X M I N  = X N I N  N T R P S 0 3 0  
XH = A B S P ( X N )  I r lTRPS031 
M = K  N T R P S 0 3 2  
~ K E V  E 0 N i H P S U 5 3  
I R E X  = 0  N T R P S 0 3 4  
M  I S  ZERO, I F  X H *  XMIN I  XMAX ARE TO B E  USED. I F  M  I S  NOT = TO N T R P S 0 3 5  
ZERO, THEN X O ( I ) ,  I = I r M  W I L L  B E  USED A S  A B S C I S S A .  N T R P S 0 3 6  

2 0 0  I F  ( M I  2 7 0 , 2 0 1 r 2 0 6  N T R P S 0 3 7  
2 0 1  M  = X I N T F ( A B S F ( ( X M A X - X M I N ) / X H ) )  + 1 N T R P S 0 3 8  

I F  M  I S  MORE THAN D IMENSIOh !  O F  XO, RETURN I N  ERROR MODE. N T R P S 0 3 9  
I F  (M+MBEG-MDIMM-2) 2 0 2 9 2 7 2 9 2 7 2  N T R P S 0 4 0  

2 0 2  MF  = MBEG + M  - 1 N T R P S 0 4 1  
I F  (XMAX - X M I N )  2 0 3 9 2 0 4 t 2 0 4  N T R P S O 4 2  

2 0 3  X M I N  = XNAX N T R P S 0 4 3  
XMAX = X N I N  N T R P S 0 4 4  
I R E V  = 1 N T R P S 0 4 5  

2 0 4  DO 2 0 5  I = MBEGeMF N T R P S 0 4 6  
X O ( I )  = F L O A T F ( 1 - M B E G )  * XH + X M I N  N T R P S 0 4 7  

2 0 5  C O N T I N U E  N T R P S 0 4 8  
2 0 6  DO 2 0 7  1  = 1,N N T R P S 0 4 9  

X I ( I )  = X J ( I )  NTRPSOSO 
2 0 7  C O N T I N U E  N T R P S O 5 l  

MF  = MBEG + M  - 1 N T R P S 0 5 2  
MSTA = MBEG N T R P S 0 5 3  
NUST  = N U S E D / 2  N T R P S 0 5 4  
N S  = NUST + 1 N T R P S 0 5 5  
N F = N - N S + 1  N T R P S 0 5 6  
N F P  = NF  + 1 N T R P S 0 5 7  
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DO 2 0 8  I = N S t N F P  
NUMB( I ) = 0  

2 0 8  CONTINUE 
I F  ( X O I M F )  - XOIMBEG))  2 0 9 r 2 1 1 r 2 1 1  

2 0 9  M2 = M / 2  
M2F = MBEG + M2 - 1 
DO 2 1 0  I = MBEGIMZF 
K = MF + MBEG - I 
TEMP = X O I I )  
X O ( I  = X O ( K )  
X O ( K )  = TEMP 

210 CONTINUE 
I R E V  = 1 

2 1 1  I F  ( X I ( N 1 - X I ( 1 ) )  2 1 2 9 2 1 6 r 2 1 6  
2 1 2  N 2  = N / 2  

DO 2 1 4  I = l 9 N 2  
K = N + l - I  
TEMP = X J f  I )  
TEMS = Y J ( I  
XJ(I) = X J ( K )  
Y J ( I )  = Y J I K )  
X J f K )  = TEMP 
Y J I K )  = TEMS 

2 1 4  CONTINUE 
I R E X  = 1 

' 2 1 6  I F  (NF-NS) 2 3 6 9 2 1 8 9 2 1 8  
2 1 8  DO 2 2 6  J = MBEGIMF 

DO 2 2 4  I = N S t N F  
2 2 0  I F  ( X O ( J 1  - X l ( I I I  2 2 2 r 2 2 2 r 2 2 4  
,222  N U M B ( 1 )  = N U M B ( 1 )  + 1 

GO TO 2 2 6  
2 2 4  CONTINUE 

NUMBtNFP) = NUMB(NFP) + 1 
2 2 6  CONTINUE 

GO TO 2 3 8  
2 3 6  NUMB(NFP1 = M 
2 3 8  M = 0  
2 3 9  DO 2 5 0  L  = NSINFP 

I F  ( N U M B I L ) )  2 5 0 9 2 5 0 9 2 4 2  
242  M = NUMBIL)  

NSTA = L  - NUST 
GO TO 1 0 0  

2 4 6  I F  ( I N S C )  2 7 4 r 2 4 8 9 2 7 4  
2 4 8  MSTA = MSTA + M 
2 5 0  CONTINUE 
2 4 0  K = MSTA - MBEG 

I F  ( I R E V )  2 5 6 9 2 5 6 9 2 5 2  
2 5 2  M2F = K / 2  + MBEG - 1 

DO 2 5 4  I = MBEGtM2F , 

J = MF + MBEG - I 
TEMP = XO(1.I 
TEMS = YO I I 
X O ( I  = XOCJ) 
Y O ( I )  = Y O I J )  
X O I J )  = TEMP 
Y O I J )  = TEMS 

2 5 4  CONT,INUE 
2 5 6  I F  ( I R E X I  2 6 2 t 2 6 2 9 2 5 8  

NTRPS058 
NTRPSO59 
NTRPSO6O 
NTRPS061 
NTRPS062 
NTRPS063 
NTRPS064 
NTRPS065 
N ' T R P S O ~ ~  
NTRPS067 
NTRPS068 
NTRPSOG9 
NTRPSO7O 
NTRPS071 
NTRPSO72 
NTRPS073 
NTRPS074 
NTRPS075 
NTRPS076 , 

NTRPS077 
NTRPSO78 
NTRPS079 
NTRPSOBO 
NTRPS081 
NTRPSO82 
NTRPS083 
NTRPS084 
NTRPSO85 
NTRPSO.86 
NTRPS087 
NTRPS088 
NTRPS089 . 
NTRPS090 
NTRPS091 
NTRPSO92 
NTRPS093 
NTRPS094 
NTRPSO95 
NTRPS096 
NTRPS097 
NTRPS098 
NTRPS099 
NTRPSlOO 
N T R P S l O l  
NTRPSlO2 
NTRPS103 
NTRPSlO4 
NTRPS105 
NTRPS106 
NTRPS107 
NTRPSlO8 
NTRPS109 
N T R P S l l O  
N T R P S l l l  
N T R P S l l Z  
NTRPSI  1 3  
NTRPS114 
N T R P S l l 5  
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2 5 8  DO 2 6 0  I = l r N 2  N T R P S l l 6  
J = N + l - I  N T R P S 1 1 7  
TEMP = X J ( I )  N T R P S 1 1 8  
TEMS = Y J  ( I N T R P S 1 1 9  
X J ( - 1  = X J ( J )  N T R P S l 2 0  
Y J ( 1 )  = Y J ( J )  N T R P S 1 2 1  
X.J( J )  = TEMP N T R P S 1 2 2  
Y J ( J )  = TEMS N T R P S 1 2 3  

2 6 0  C O N T I N U E  N T R P S 1 2 4  
2 6 2  RETURN N T R P S 1 2 5  
2 7 0  W R I T E O U T P U T T A P E 6 t 2 1 0 1  N T R P S 1 2 6  

2 1 0 1  FORMAT ( 4 4 H O  ERROR I N  I N P U T  TO NTRPSRe M  I S  N E G A T I V E *  N T R P S 1 2 7  
I N S C  = 1 N T R P S l 2 8  
GO TO 2 4 0  N T R P S 1 2 9  

2 7 2  H  = ( X M A X - X M I N ) / F L O A T F ( M D I M M - M B E G )  N T R P S 1 3 0  
WRI  T E O U T P U T T A P E 6 t  2 1 0 2  t H  NTRPS131_ 

2 1 0 2  FORMAT ( 5 8 H O  ERROR I N  I N P U T  TO N T R P S R *  M I N I M U M  ALLOWABLE S P A C I N G  N T R P S 1 3 2  
8  I S  1 P E 1 2 . 3 )  N T R P S 1 3 3  

I N S C  = 1 N T R P S 1 3 4  
GO TO 2 4 0  N T R P S 1 3 5  

2 7 4  W R I T E O U T P U T T A P E 6 r Z l O 3 t L  N T R P S 1 3 6  
2 1 0 3  FORMAT ( 4 3 H O  I N T R l  WAS UNABLE  TO I N T E R P O L A T E  I N  PANGE 1 3 )  N T R P S 1 3 7  

GO TO 2 4 0  N T R P S 1 3 8  
100 NCON = 1 N T R P S 1 3 9  

R E F A  = 1 . 4 1 4 2 1 4  N T R P S 1 4 0  
N F I N  = NSTA + NUSED - 1 N T R P S 1 4 1  
DO 9 8  I = N S T A r N F I N  N T R P S 1 4 2  
X I ( I )  = X J ( I )  N T R P S 1 4 3  
Y I ( I )  = Y J ( I )  N T R P S 1 4 4  

9 8  C O N T I N U E  N T R P S 1 4 5  
N S T A l  = N S T A  + 1 N T R P S 1 4 6  
X S C A L E  = ( X I ( N F 1 N )  - X I ( N S T A ) ) / l O a  N T R P S 1 4 7  
YMAX = Y I  ( N S T A  I N T R P S 1 4 8  
Y M I N  = Y I ( N S T A )  N T R P S 1 4 9  

1 0 0 1  DO 1 0 0 2  I = N S T A l r N F I N  NTRPS 1 5 0  
YMAX = M A X l F ( Y M A X r Y I ( 1 ) )  N T R P S 1 5 1  
Y M I N  a M I N l F ( Y M I N t Y I ( 1 ) )  N f R P S 1 5 2  

1 0 0 2  C O N T I N U E  N T R P S 1 5 3  
9 1  Y S C A L E  = YMAX - Y M I N  N  TRPS 1 5 4  

1 0 0 3  DO 1 0 0 4  I = N S T A t N F I N  N T R P S 1 5 5  
X I ( I )  = X I ( I ) / X S C A L E  N T R P S 1 5 6  
Y I ( 1 )  = ( Y I ( 1 ) - Y M I N ) / Y S C A L E  + * 5  N T R P S 1 5 7  

1 0 0 4  C O N T I N U E  N T R P S 1 5 8  
XH = A B S F ( X N ) / X S C A L E  N T R P S 1 5 9  
M F I N  = YSTA  + M  - 1 N T R P S 1 6 0  
MTA = MSTA N T R P S l 6 l  

1 0 0 5  E P S I L  = * O l * X H  N T R P S 1 6 2  
1 0 1  DO 1 1 0  I I =  M T A r M F I N  N T R P S 1 6 3  

X O ( I 1 )  = X O ( I I ) / X S C A L E  N T H P S 1 6 4  
Y O ( I 1 )  = 0.0 N T R P S 1 6 5  
PNUM = 1.0 N T R P S 1 6 6  

1 0 1 1  DO 1 0 7  I = N S T A t N F I N  N T R P S 1 6 7  
C  F I N D  X O ( I 1 ) - X I (  I) FOR NUMERATOR AND CHECK FOR NEARNESS*  N T R P S 1 6 8  

XNUM = X O ( I I )  - X I ( 1 )  N T R P S 1 6 9  
1 0 1 2  I F  ( A B S F ( X N U M  1 - E P S I L )  1 0 2 r 1 0 2 r 1 0 3  N T R P S 1 7 0  

1 0 2  Y O ( I 1 )  = Y I ( I )  N T R P S 1 7 1  
GO TO 1 0 9  N T R P S 1 7 2  

C  PNUM = PRODUCT OF A L L  XNUM N T R P S l 7 3  
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1 0 3  PNUM = PNUM*XNUM 
C  CONSTRUCT DENOMINATOR AND SUM 

PDEN = 1.0 
1 0 4  DO 1 0 6  J = N S T A I N F I N  

1 0 4 3  I F  ( I - J )  1 0 5 9 1 0 6 r 1 0 5  
1 0 5  PDEN = ( X I I I )  - X I ( J ) ) * P D E N  

1 0 5 1  I F  Q U O T I E N T  OVERFLOW 1 1 0 3 9 1 0 6  
1 0 6  C O N T I N U E  

DEN = &'UtN*XNUM 
Y O ( I 1 )  = Y I ( I ) / D E N  Y O I I I )  
I F  ACCUMULATOR OVERFLOW ' 1 1 2 1 9  1 0 7  

1 0 7  C O N T I N U E  
Y O I I I )  = Y O ( I I ) * P N U M  

1 0 9  Y O I I I )  = ( Y O ( I 1 ) - . 5 I * Y S C A L E  + Y M I N  
X O ( I 1 )  = X O ( I 1 )  * X S C A L E  

1 1 0  C O N T I N U E  
I N S C  = 0  
GO TO 2 4 6  

1 1 0 3  W R I T E O U T P U T T A P E ~ ~ ~ ~ O ~ ~ N C O N ~ X S C A L E  
W R I T E O U T P U T T A P E 6 t l l O 8 9 I I t I 9 J  

1 1 0 4  FORMAT ( 8 H  NCON = I 3 9  l l H 9  X S C A L E  = F 1 0 . 7 )  
1 1 0 8  FORMAT ( 2 6 H  OVERFLOW OCCURRED AT I I =  I 4 t 4 H  I =  I 3 r 4 H  J= 1 3 )  

NCON = NCOM + 1 
1 1 0 5  DO 1 1 0 6  I = Y S T A 9 N F I N  

X I I I )  = X I ( I ) / R E F A  
1 1 0 6  C O N T I N U E  

X O I I I )  = X O I I I )  * X S C A L E  
MTA = I 1  
XH = XH / R E F A  
X S C A L E  = XSCALE*REFA 
I F  ( N C O N - 8 )  1 0 0 5 t 1 0 0 5 t 1 1 0 7  

1 1 0 7  I N S C  = 1 
GO TO 2 4 6  

1 1 2 1  W R I T E O U T P U T T A P E 6 9 1 1 2 2  
1 1 2 2  FORMAT ( 4 8 H O  ACCUMULATOR OVERFLOW. DEN MUST B E  TOO SMALL. 

I N S C  = 1 
GO TO 2 4 6  
FREQUENCY 1 0 5 1 ( 1 r 9 ) r 1 0 0 1 ( 5 0 ) r 1 0 0 3 ~ 5 0 ) ~ 1 0 1 ~ 5 0 0 ~ ~ 1 0 1 1 ~ 5 0 ~ ~  

a 1 1 0 1 2 ( O ~ O , l ) r 1 0 4 ( 5 0 )  t 1 0 4 3 ( 1 9 0 9 1 )  
END 

N T R P S 1 7 4  
N T R P S 1 7 5  
N  TRPS 1 7 6  
N T R P S 1 7 7  
N T R P S 1 7 8  
M T R P S 1 7 9  
N T R P S 1 8 0  
N T R P S 1 8 1  
N T R P S 1 8 2  
N T R P S 1 8 3  
N T R P S 1 8 4  
N T R P S 1 8 5  
N T R P S 1 8 6  
N T R P S 1 8 7  
N T R P S 1 8 8  
N T R P S 1 8 9  
N T R P S 1 9 0  
N T R P S 1 9 1  
N T R P S 1 9 2  
N T R P S 1 9 3  
N T R P S 1 9 4  
N T R P S 1 9 5  
N T R P S 1 9 6  
N T R P S 1 9 7  
N T R P S 1 9 8  
N T R P S 1 9 9  
NTRPSZOO 
N T R P S 2 O l  
N T R P S 2 0 2  
N T R P S 2 0 3  
N T R P S 2 0 4  
N T R P S 2 0 5  
N T R P S 2 0 6  
NTRPSZO7  
N T R P S 2 0 8  
N T R P S 2 0 9  
N T R P S 2 l O  
N T R P S 2 l l  
N T R P S 2 1 2  
N T R P S 2 1 3  
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CNTRPDP I N T E R P O L A T I O N  PROGRAM(BY  S U C C E S S I V E  R A N G E S )  DOUBLE P R E C I S I O N .  N T R P D 0 0 0  
C  N T R P D O 9 1  
C  THE METHOD OF LAGRANGE I S  USED. THE I N P U T  P O I N T S  NEED k O T  B E  N T R P 0 0 0 2  
C  E Q U A L L Y  SPACED. THERE ARE TWO MODES OF I N P U T  A V A I L A B L E .  THE  N T R P D 0 0 3  
C  F I R S T  OCCURS WHEN M = 0. THE A B S C I S S A E  ARE THEN GENERATED FROM N T R P D 0 0 4  
C  XMINIXMAXIAND XH. A T  E X I T  M  = NO. OF P O I N T S  FOUND*  AND XO NTRPDOO5 
C  C O N T A I N S  T H E  A B S C I S S A E .  Y W I L L  B E  CHECKED TO I N S U R E  THAT T!iE N T R P D 0 0 6  
C  D I M E N S I O N  I S  NOT EXCEEDED. MDIMM = I H E  D I Y E N S I O N  O F  THE XO*  Y O  Y T R P D 0 0 7  
C  ARRAYS. THE  SECOND MODE OCCURS WHEN M I S  P O S I T I V E .  THE M NTRPDOOB 
C  'ABSCISSAE ARE THEN ASSUMED TO HAVE PEEN GENERATED P R I O R  TO N T R P D 0 0 9  
C  E N T R Y *  THE S T A R T I N G  I N D E X  FOR THE OUTPUT ARRAY MUST B E  N T R P D O l O  
C  S P E C I F I E D .  THE F I R S T  P O I N T  FOlJND W I L L  R E  AT X O ( M R E t ) .  XH MUST N T R P D O l l  
C  B E  G I V E N  S I N C E  THE O R D I N A T E  FOR ANY P O I N T  CLOSEP THAN . O l * X H  TO N T R P D O l Z  
C  AN I N P U T  P O I N T  I S  TAKEN AS  THAT  FOR THE I N P U T  P O I N T .  -NUSED- I S  N T R P D 0 1 3  
C  THE NUMBER OF P O I N T S  USED FOR EACH I N T E R P O L A T E D  P O I N T .  *NIJSED* NTRPCIO14 
C MUST B E  E V E N  AND L E S S  THAN OR EQUAL TO -N-• NUSED = 8 I S  N T R P D 0 1 5  
C  SUGGESTED. ANY P O I N T  FARTHER THAN N U S E D / Z  P O I N T S  FROM E I T H E R  E N D N T R P D O l 6  
C  I S  FOUND FROM THE Y U S E D / Z  OY EACH S I D E .  NTRPSR W I L L  S C A L E  AYD 4VTRPDO17 
C  R E S C A L E  I N  ORDER TO A V O I D  OVERFLOW. I F  TYE  F I R S T  S C A L I N G  DOES Y T R P D 0 1 8  
C  NOT SUCCEED* NTRPSR W I L L  TRY UP TO 7 T I M E S  MORE BEFORE R F T U R N I N G  N T R P D 0 1 9  
C  I N  T H E  ERROR MODE. ( ! N S C  = 1) NTRPDOZO 
C  I N P U T  I S  X I * Y I I ( X O ) ~ X H * N * Y I ( X M I N ) ~ ( X M A X ) ~ M B E G * N U S E D *  N T R P D O 2 l  
C  OUTPUT I S  ( X O ) * Y O t I N S C .  N T R P D 0 2 2  
C  I N S C  = 0 I F  PROGRAM WAS SUCCESSFIJL.  I F  N O T *  I N S C  = 1. N T R P D 0 2 3  
C  NTRPDO24  

S U B R O U T I N E  N T R P D P ( X J ~ Y J ~ X O ~ Y O I X N ~ N ~ K ~ X N I N ~ X N A X ~ I N S C M E G N U D  N T R P D 0 2 5  
D  D I M E N S I O N  X I ( 2 0 0 ) ~ Y I ( 2 0 0 ) ~ X J ( 2 0 0 ) ~ Y J ( 2 0 0 ) ~ Y O ~ 2 0 0 ~ ~ X M I N ~ l ~ ~ N T R P D O 2 6  

Z  X M A X ( l ) * X N U M ( l ) r E P S I L ( l )  N T R P D 0 2 7  
D I M E N S I O N  NUMB(  ZOO)  NTRPDOZB 
MDIMM = 2 0 0  N T R P D 0 2 9  

D  XMAX = XNAX NTRPDO3O 
D X M I N  = X N I N  N  I KPUUY 1 
D XH = XN N T R P D 0 3 2  

M = K  NTRPDO73  
C  M  I S  ZERO*  I F  XH I S  TO B E  USED. I F  N O T *  X H = ( X M A X - X M I N ) / ( M - 1 ) .  N T R P D 0 3 4  

2 0 0  I F  ( M I  2 7 0 r 2 0 1 * 2 0 5  N T R P D 0 3 5  
D  2 0 1  M  = I N T F ( ( X M A X  - X Y I N ) / X H )  + 1. N T R P D 0 3 6  
C  I F  M  I S  MORE THAN D I M E N S I O N  OF X O r  RETURN I N  ERROR MODE. N T R P D 0 3 7  

2 0 2  I F  (M+MBEG-MDIMM-2) 2 0 3 t 2 7 2 r 2 7 2  N T R P D 0 3 8  
2 0 3  MF  = MBEG + M - 1 N T R P D 0 3 9  

DO 2 0 4  I = MBEGpMF N T R P D 0 4 0  
D  X O ( 1 )  = F L O A T F ( 1 - M B E G )  * XH + X M I N  N T R P D 0 4 1  

2 0 4  C O N T I N U E  N T R P D 0 4 2  
2 0 5  DO 2 0 6  I = 1 r N  N T R P D 0 4 3  

D  X I ( I )  = X J ( I )  N T R P D 0 4 4  
2 0 6  C O N T I N U E  N T R P D 0 4 5  

MF  = MBEG + M - 1 N T R P D 0 4 6  
MSTA = MBEG NTRPDO47  
NUST  = NUSED/Z N T R P D 0 4 B  
N S  = NUST + 1 NTRPDO49  
N F = N - N S + 1  N T R P D 0 5 0  
N F P  = NF  + 1 N T R P D 0 5 1  
DO 2 0 7  I = NSINFP N T R P D 0 5 2  
N U M B ( 1 )  = 0  NTRPDO53  

2 0 7  C O N T I N U E  N T R P D 0 5 4  
2 0 9  I F  ( N F - N S )  2 3 6 t 2 1 0 * 2 1 0  N T R P D 0 5 5  
2 1 0  DO 2 2 6  J = MBEGqMF N T R P D 0 5 6  

DO 2 2 4  I = N S t N F  N T R P D 0 5 7  
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2 1 4  I F  ( X O ( J )  - X I ( I ) )  2 1 6 t 2 1 5 9 2 2 4  NTRPDO58 
2 1 5  I F  ( X O ( J + 2 0  1 - X I ( I + 2 0 0 ) )  2 1 6 9 2 1 6 , 2 2 4  NTRPD059  
2 1 6  N U M B ( 1 )  = N U M B ( 1 )  + 1 NTRPD060  

GO TO 2 2 6  NTRPD061  
2 2 4  CONTINUE NTRPD062 

NUMB(NFP)  = NUMB(NFP1 + 1 NTRPD063 
2 2 6  CONTINUE NTRPD064 

GO TO 2 3 8  NTRPD065 
2 3 6  NUMB(NFP)  = M NTRPD066 
2 3 8  M = 0  NTRPD067  
2 3 9  DO 2 5 0  L = NSINFP NTRPD068 

I F  ( N U M B ( L ) )  2 5 0 9 2 5 0 9 2 L 2  NTRPD069 
2 4 2  M = N U M B ( L )  NTRPD070  

NSTA = L  - NUST NTRPD071  
GO TO 1 0 0  NTRPD072 

2 4 6  I F  ( I N S C )  2 7 4 9 2 4 8 9 2 7 4  NTRPD073 
2 4 8  MSTA = MSTA + M NTRPD074 
2 5 0  CONTINUE NTRPD075 
2 4 0  K = MSTA - MBEG NTRPD076 

RETURN NTRPD077 
2 7 0  WRITEOUTPUTTAPE6r2101  NTRPD078 

2 1 0 1  FORMAT 144HO ERROR I N  INPUT TO NTRPSR. M I S  NEGATIVE.  NTRPDO79 
I N S C  = 1 NTRPDOBO 
GO TO 2 4 0  NTRPDO81 

2 7 2  H  = ( X M A X - X M I N ) / F L O A T F ( M D I M M - M B E G )  NTRPDO82 
WRITEOUTPUTTAPE6r21029H NTRPD083 

L l U Z  tORMAT t 5 8 H u  ERROR I N  INPUT TO NTRPSR. MINIMUM ALLOWABLE SPACING NTRPD084 
8  I S  1PE12.3)  NTRPD085 

I N S C  = 1 NTRPDO86 
GO TO 2 4 0  NTRPD087 

2 7 4  W R I T E O U T P U T T A P E 6 r 2 1 0 3 t L  NTRPD088 
2 1 0 3  FORMAT (43HO I N T R l  WAS UNABLE TO INTERPOLATE I N  PANGE 1 3  1 NTRPD089 

GO TO 2 4 0  NTRPD090  
1 0 0  NCON = 1 NTRPD091  

REFA = 1 . 4 1 4 2 1 4  NTRPDO92 
N F I N  = NSTA + NUSED - 1 NTRPD093 
DO 9 8  I = N S T A t N F I N  NTRPD094 

D  X I I I )  = X J ( I )  NTRPDO95 
D  Y I ( I )  = Y J ( I )  NTRPD096 

9 8  CONTINUE NTRPD097  
N S T A l  = NSTA + 1 NTRPD098 
XSCALE = ( X I t N F I N )  - X I ( N S T A ) ) / l O o  NTRPD099 
YMAX = Y I ( N S T A )  NTRPDlOO 
Y M I N  = Y I ( N S T A )  N T R P D l O l  

1 0 0 1  DO 1 0 0 2  I = N S T A l t N F I N  NTRPDlO2 
YMAX = M A X l F ( Y M A X 9 Y I ( I ) )  NTRPD103 
Y M I N  = M I N l F ( Y M I N , Y I ( I ) )  NTRPDlO4 

1 0 0 2  CONTINUE NTRPD105 
D  9 1  YSCALE = YMAX - YMIN NTRPD106 

1 0 0 3  DO 1 0 0 4  1  = N S T A t N F l N  NTRPD107 
D  X I ( I )  = X I ( I ) / X S C A L E  NTRPD108 
D  Y I ( I )  = ( Y I ( 1 ) - Y M I N ) / Y S C A L E  + 0 5  NTRPD109 

1 0 0 4  CONTINUE N T R P D l l O  
D  XH = XN /XSCALE N T R P D l l l  

M F I N  = MSTA + M - 1 N T R P D l l 2  
MTA = MSTA NTRPD113 

D l 0 0 5  E P S I L  = .O l *XH NTRPD114 
1 0 1  DO 1 1 0  I I =  MTAIMFIN NTRPD115 
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D X O ( I 1 )  = X O ( I I ) / X S C A L E  
D  Y O ( I 1 )  = 0.0 
D  PNUM = 1.0 

1 0 1 1  DO 1 0 7  I = N S T A r N F I N  
C  F I N D  X O ( I 1 ) - X I ( I )  FOR NUMERATOR AND CHECK FOR NEARNESS. 
D  XNUM = X O ( I 1 )  - X I ( 1 )  

1 0 1 2  I F  I A B S F ( X N U M  1 - E P S I L )  1 0 2 t 1 0 1 3 , 1 0 3  
1 0 1 3  I F  ( A B S F ( X N U M ( 2 ) ) - E P S I L ( 2 ) )  1 0 2 r 1 0 2 r 1 0 3  

D  1 0 2  Y O ( I 1 )  = Y I ( I )  
Gn r 0  109 

C PNUM = PRODUCT OF A L L  XNUM 
D  1 0 3  PNUM = PNUY*XNUM 
C  CONSTRUCT DENOMINATOR AND SUM 
D  PDEN - 1.0 

I n 4  nn l n f i  . I  = N S T 4 r N F I N  
1 0 4 3  I F  ( I - J )  1 0 5 r 1 0 6 t 1 0 5  

D  1 0 5  PDEN = ( X I ( 1 )  - X I ( J ) ) * P D E N  
1 0 5 1  I F  Q U O T I E N T  OVERFLOW 1 1 0 3 r 1 0 6  

1 0 6  C O N T I N U E  
D  DEN = PDEN*XNUM 
D  Y O ( I 1 )  = Y I ( I ) / D E N  + Y O I I I )  

I F  ACCUMULATOR OVERFLOW 1 1 2 1 9  1 0 7  
1 0 7  C O N T I N U E  

D  Y O ( I 1 )  = Y O ( I I ) * P N U M  
D  1 0 9  Y O ( I 1 )  = ( Y O ( I 1 ) - . 5 ) * Y S C A L E  + Y M I N  
D  X O ( I 1 )  = X O ( I 1 )  + XSCALE 

1 1 0  C O N T I N U E  
I N S C  = rJ 
GO TO 2 4 6  

1 1 0 3  W R I T E O U T P U T T A P E 6 r l l O 4 * N C O N r X S C A L E  
WRITEOUTPUTTAPE6r1108rIIrIrJ 

1 1 0 4  FORMAT ( 8 H  NCON = 1 3 r  l l H ~  XSCALE  = F l O . 7 )  
1 1 0 8  FORMAT ( 2 6 H  OVERFLOW OCCURRED AT I I =  I 4 r 4 H  I =  I 3 r 4 H  J =  1 3 )  

NCON = NCON + 1 
1 1 0 5  DO 1 1 0 6  I = NSTAINF IN  

L) X I ( 1 )  = X I ( I ) / R E F A  
1 1 0 6  C O N T I N U E  

D  X O ( I 1 )  = X O ( I 1 )  * XSCALE 
MTA = I 1  

D  XH = XH /REFA 
D  XSCALE = XSCALESREFA 

I F  (NCON-8 )  1 0 0 5 r 1 0 0 5 t 1 1 0 7  
1 1 0 7  I N S C  = 1 

GO TO 2 4 6  
1 1 2 1  W R I T E O U T P U T T A P E 6 r 1 1 2 2  
1 1 2 2  FORMAT ( 4 8 H O  ACCUMULATOR OVERFLOW. DEN MUST B E  TOO SMALL. 

I N S C  = 1 
GO TO 2 4 6  
FREQUENCY 1051(lr9)~1001(50)rl003(50)r101~500~~1011~50~~ 

1 1012~0r091)r104(50)r1043(1r0,1) 
END 

N T R P D 1 1 6  
Y T R P D 1 1 7  
N T R P D l l 8  
N T R P D 1 1 9  
N T R P D l 2 O  
N T R P D l 2 l  
Y T R P D l t ?  
N T R P D 1 2 3  
NTRPD12G 
N T R P D 1 2 5  
N T R P D 1 2 6  
N T R P D 1 2 7  
Y T R P D l 2 8  
N T R P D 1 2 9  
N T R P D 1 3 0  
N T R P D 1 3 1  
N T R P D 1 3 2  
N T R P D 1 3 3  
N T R P D 1 3 4  
N T R P D 1 3 5  
N T R D D 1 3 6  
Y T R P D 1 3 7  
N T R P D 1 3 8  
N T R P D 1 3 9  
N T R P D 1 4 0  
N T R P D 1 4 1  
N T R P D 1 4 2  
N T R P D 1 4 3  
N T R P D 1 4 4  
N T R P D 1 4 5  
N T R P D 1 4 6  
N T R P D 1 4 7  
N T R P D 1 4 8  
N T R P D 1 4 9  
N T R P n l  S O  
N T R P D l S l  
N T R P D l 5 2  
N T R P D 1 5 3  
N T R P D 1 5 4  
N T R P D 1 5 5  
N T R P D 1 5 6  
N T R P D 1 5 7  
N T R P D 1 5 8  
N T R P D 1 5 9  
N T R P D 1 6 0  
N T R P D 1 6 1  
N T Y P D 1 6 7  
N T R P D 1 6 3  
N T R P D 1 6 4  
N T R P D 1 6 5  
N  TRPD 1 6 6  
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CDGUNC F I N D S  G ( V )  - G ( V - X I  
SUBROUTINE DGUNC ( X G r D E N Q r N G A S r T E M P I )  

D D I M E N S I O N  X G ( 2 0 ) r D E N Q ( 2 0 )  
D I M E N S I O N  U E V ~ 3 0 0 0 ) r E V ~ 3 0 0 0 ) r B V ~ 2 0 0 ) r B I ~ 3 O O O ~ r T E M P ~ 2 O O ~ r U ~ 2 0 0 ~ ~  

Z Y ( 2 0 0 )  t Z ( 2 0 0 )  
, COMMON Y r T E M P r U E V r E V r Q r N S T r N r M S T ~ M r X M I N r X M A X I I N S C r M E G N U S  9619  

Z N I ~ N S ~ M A X I T ~ F A C M ~ Z M U ~ D E ~ W E ~ W E X E ~ W E Y E ~ W E Z E ~ W E T E ~ ~ E ~ A L P H A F ~  
Z GAMMAErDELTAEr V N I N r B Q r M Q r S P E P ,  U r B V r Z t I C K r H *  K rHDES 
Z ,EPSLNE 

V = TEMPI 
VA = V*V 
VB = VA*V 
VC = VB*V 

2 0 5  DO 2 1 0  I = l r N G A S  . 
0 Y = TEMPT - X G ( I )  

x = y  
XA = X*X 
Xi3 = XA*X 
XC = XB*X 
D E N Q ( 1 )  = WE*X + ~xA-2.*V*X)*WEXE + ( ( V A * X - V * X A ) * , 3 * + X B )  * WEYE 

Z + ( ( V B * X + V * X B ) * 4 . - 6 ~ * V A * X A - X C )  * WEZE 
Z + ( ( V C + X - V * X C ) * 5 . + ( V A * X B - V B * X 4 ) * 1 0 . )  + WETE 

2 1 0  CONTINUE 
RETURN 
END 

DGUNCOOO 
DGUNCOOl 
DGUNCOO2 
DGUNC003 
DGUNCOO4 
DG\JNC005 
DGUNC006 
DGUNC007 
DCUNCOCO 
@GUNCOO9 
DCUNCOlO 

C T I M E  T IME 0 0 0  
C D ISCARD T H I S  SUBROUTINE I F  YOUR 7 0 9 / 7 0 9 0 / 7 0 9 4  I N S T A L L A T I O N  HAS T I M E  0 0 1  
C AN O N - L I N E  CLOCK ADDRESSABLE BY C A L L  T I M E ( X )  T I M E  0 0 2  

SUBROUTINE T I M E l X )  T IME 0 0 3  
1 X = 0.0 T I M E  0 0 4  

RETURN T I M E  0 0 5  
END T IME 0 0 6  



Tablo 11. Sample data desk for RKR program. 

+ DATA 
1 
1 RKR PROCEDURE A P P L I E D  TO THE X STATE OF S I L I C O N  N I T R I D E  TEST PROGRAM 

MOLECULAR CONSTANTS ARE TAKEN FROM J E N K I N S  AND DE L A S Z L O  
2 9 . 3 3 5 2 6  
1 i0 (42H TURNING P O I N T S  ARE GENERATED B Y  CONSTANTS1 

1151.680 6 . 5 6 0  - 
L 

1 10 (42H TURNING P O I N T S  ARE GENERATED B Y  CONSTANTS) 
0.7310 0.00567 

2 
1.5718 
0.5 . 9.5 1.0 



.PROGRAM FOR CALCULATING RELATIVE INTENSITIES 
I .  

. .  . .  . . 
Remarks  ' 

The input to this p rogram i s  extremely flexible. The potential may be 
generated by subroutine POTGEN o r  may be read  in. The output i s  Franck - 
Condon factors ,  relative intensit ies (quantum/sec) scaled to ten, relative 
intensit ies (energy/sec)  scaled to ten, and the off-diagonal mat r ix  elements  
(v ' J '  l r  ~ v ~ ~ J ' ~ ) / ( v ' J '  lv f l J" )  and (v ' J1  I r2  I v ~ ~ J ~ ~ ) / ( v ' J ' ~ " J " ) ,  commonly known 
a s  the r-centroid and the square of the r-centroid,  T e hea r t  of this p rogram 
i s  subroutine SCHR which solves the radial  Schrodinger equation for i t s  
eigenvalues and wavefunc tions. This p rogram has  been descr ibed in detail  
elsewhere.  About 0.9 min i s  required to calculate all  the above -named quan- 
t i t ies for ken vibrational levels  of the lower .state with four vibrational levels  
of the upper s ta te .2  

Limitations 

~ . r e s e n t l ~  the p rogram will calculate a t  one t ime the Franck-Condon 
fac tors ,  etc.  , of only four specified vibrational levels  of the upper s ta te  with 
the vibrat ional  levels  of the lower..state: Also the same (J1,  J."). pa i r  must  be 
used f o r  each transit ion. This i s  due to lack of additional space i n  c o r e  . 

storage.  The p r o g r a m  may be easi ly  modified to allow more  flexible usage. 

Table I11 12,s ts', the, source'. decks. .and:Table :IV,.,give.s .a?. sample:.data.deck 
fo r  the re'lative -intensity program,  
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C M A I N  COMPUTES I N T E N S I T Y  D I S T R I B U T I O N  FOR E L E C T R O N I C  T P A N S I T I O N S .  M A I N  0 0 0  
C T H I S  PROGRAM U S E S  D 2  NU SCHR AND S IMPSONS R U L E  TO F I N D  M A I N  0 0 1  
C THE FRANCK CONDON OVERLAP FACTORS AND CORRECTS FOR M A I N  0 0 2  
C FREQUENCY DEPENDENCE AND S C A L E S  TO TEN. M A I N  0 0 3  
C THE P O T E N T I A L  MAY RE GENERATED I N T E R N A L L Y .  OTHEPWISE  M A I N  0 0 4  
C P O I N T S  ON THE P O T E N T I A L  CURVE ARE READ I N .  THEY ARE I N T E R P O L A T E D M A I N  0 0 5  
C TO ANY D E S I R E D  S P A C I N G  ( L E S S  THAN 2 0 0 0  P O I N T S ) .  D 2  N U  SCHR M A I N  0 0 6  
C I S  USED TO F I N D  THE ENERGY L E V E L S .  NTRPSR I S  USED TO I N T E R P O L A T E M A I N  0 0 7  
C THE G I V E N  P O T E N T I A L  P O I N T S *  THE 2  P O I N T S  AT  S M A L L E S I  H ARE M A I N  0 0 8  
C F I T T E D  E X A C T L Y  TO 4 F U N C T I O N  OF THE FORM A / X * + l 2 +  C. S I M I L A R L Y  M A I N  0 0 9  
C THE TWO P O I N T S  AT GREATEST R ARE F I T l E U  E X A C T L Y  TO A F U N C T I O N  O F  M A I N  0 1 0  
c THE FORM A/x* *B .  THESE A R E  THEN USED T O  E X T R A P O L A T E  THE MAIN 011 
C P O T E N T I A L  TO THE G I V E N  L I M I T S .  A  S U B R O U T I N E  POTGEN MUST B E  M A I N  0 1 2  
C INCLUDED.  T H I S  W I L L  COMPUTE THE P O T E N T I A L  CURVE OR W I L L  B E  A M A I N  0 1 3  
C 3UMMY TO S A T I S F Y  ENTRY REQUIREMENTS*  M A I N  0 1 4  
L' M A I N  0 1 5  

D I M E N S I O N  x I f 2 ~ ~ ~ 2 l ~ Y 1 ( % 0 0 t 2 ) t X 0 ~ 2 0 0 0 ) ~ V ( 2 0 0 0 ~ 2 ~ ~ S ~ 2 0 0 0 ~  M A I N  0 1 6  
Z  tSU(200094)rETRIAL(2OOt2) r Q I R A ( 2 ) r Q I E N ( 3 ) r Q I M S ( 2 )  M A I N  0 1 7  
Z  , Z I M S ( 2 ) ~ Z I R A ( 2 ) r Z I E N ( 3 ) ~ E C A L C ( 2 0 0 ~ 2 ) ~ X P R N 5 r V P R N 5  M A I N  0 1 8  
L ~ D T F R M T ( 1 0 ) r D U F M T ( 1 O ) r B V F ~ 1 0 0 ~ 2 ) t R E S U L T ( 1 0 O t 4 )  M A I N  0 1 9  
Z  rKV(10092)rN(2)tNL(2)*DE(2)rPRFMT(l9)*PNFT(4) M A I N  0 2 0  
Z  r D I V ( 4 ) r W E ( 2 ) r R E ( 2 ) r R C N T R D ( l O O r 4 ) 9 R R C N ( l O 0 9 4 )  M A I N  0 2 1  
Z r D D I V ( 4 )  M A I N  0 2 2  

COMMON X I ~ Y I , X O ~ V ~ X H , N S T A ~ N I M S T A , M , X M I N I X M A X I I N S C M B E G N U S E D ~ S  M A I N  0 2 3  
Z N I ~ N S ~ M A X I T I F A C M ~ Z M U ~ D E * \ J E ~ W E X E ~ S U  M A I N  0 2 4  

C M A I N  0 2 5  
C THE FOLLOWING CUMMENT CARDS D E S C R I B E  THE P R E P A R A T I O N  OF DATA. M A I N  0 2 6  
C M A I N  0 2 7  
C F I R S T  CARD I N  DATA H A S  A ONE I N  COLUMN 1 I F  4  PPOBLEM FOLLOWS. M A I N  0 2 8  
C VERY L A S T  CARD I N  D A T A  MUST B E  A B L P N K  CARD..... M A I N  0 2 9  
C M A I N  0 3 0  

1 C A L L  T I M E ( B E G 1 N )  M A I N  0 3 1  
W R I T E O U T P U T T 4 P E b r 1 6 0 , e E G I N  M A I N  0 3 2  

l h n  F n R M A T  ( 9 H 0  T I M E  = F 1 0 . 5 )  M A I N  0 3 3  
READINPUTTAPE5r130rITEST M A I N  0 3 4  

1 0 0  FORMAT ( 1 1 )  M A I N  0 3 5  
2 I F  ( I T E S T )  3 r 4 0 0 r 3  MATN 0 3 6  

C M A I N  0 3 7  
C N E X T  CARD I N  DATA  H A S  NAME O F  PROBLEM I N  COLUMNS 1 - 7 2 9  WHERE M A I N  0 3 8  
C C A R R I A G E  CONTROL I S  I N  COLUMN 1. SECOND CARD HAS I I M S  AND M A I N  0 3 9  
C MASSES OF THE TWO ATOMS. M A I N  0 4 0  
C I F  ZMAS2  = 0 1  Z M 4 S 1  I S  TAKEN AS  THE REDUCED MASS I N  THE I I M S  U N I T S M A I N  0 4 1  
C I I M S  = l r  MASS U N I T S  ARE BASED ON C 1 2  = 1 2 0 ,  M A I N  0 4 2  
C I I M S  = 2 9  MASS U N I T S  ARE BASED ON 0 1 6  = 16 .  M A I N  0 4 3  
C M A I N  0 4 4  

3  R E A D I N P U T T A P E 5 9 1 0 1  M A I N  0 4 5  
1 0 1  FORMAT ( 7 2 H 1  PROBLEM NAME D A T E  M A I N  0 4 6  

Z  ) M A I N  0 4 7  
R E A D I N P U T T A P E 5 9 1 0 2 r I I M S 9 Z M A S l Z M A S 2  M A I N  0 4 8  

1 0 2  FORMAT ( I 4 9 2 F 1 0 * 0 )  M A I N  0 4 9  
C M A I N  0 5 0  
C N E X T  CARD I N  DATA  H A S  I I R A ,  I I E N *  AND THE NUMBEP OF P O I N T S *  EACH M A I N  0 5 1  
C I N  I 4  FORMAT*  AS  WELL AS  THE FORMAT STATEMENT WHICH CONTROLS THE M A I N  0 5 2  
C R E A D I N G  OF T H E  P O I N T S  ( I N  COLUMNS 1 3 - 7 2 ) - - F O R  EXAMPLE-  ( 4 E 1 6 . 8 ) .  M A I N  0 5 3  
C I I E N  = 1, ENERGY I S  I N  ATOMIC  U N I T S .  ( 1  AeU. = 2 7 . 1 9 6 1  EeV.1 M A I N  0 5 4  
C I I E N  = 2 9  ENERGY I S  I N  l / C M .  M A I N  0 5 5  
C I I E N  = 3 9  ENERGY I S  I N  ELECTRON VCLTS. ( 1 E.V. = 8 0 6 5 . 6 8  l / C M )  M A I N  0 5 6  
C I I R A  = 1 9  D I S T A N C E  I S  I N  A T O M I C  UN!TS. ( 1 A.U. = 0 5 2 9 1 6 6  A N G O )  M A I N  0 5 7  
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C  I I R A  = 2 9  D I S T A N C E  I S  I N  ANGSTROMS. M A I N  0 5 8  
C F O L L O W I N G  CARDS C O N T A I N  THE I N P U T  P O T E N T I A L  P O I N T S *  M A I N  0 5 9  
C  I F  I T  I S  D E S I R E D  TO USE A  F U N C T I O N  TO GENERATE THE WHOLE M A I N  0 6 0  
C  P O T E N T I A L  CURVE*  THE F I R S T  1 2  COLUMNS OF THE I I P A I  E T C *  CARD M A I N  0 6 1  
C  MUST B E  BLANK.  A  H O L L E R I T H  TEXT  MUST B E  PUNCHED I N  1 3 - 7 2 9  AS  M A I N  0 6 2  
C  I T  W I L L  B E  P R I N T E D .  THE NEXT CARD I N  SUCH A  CASE C O N T A I N S  M A I N  0 6 3  
C  X M I N * X M A X i E T C .  M A I N  0 6 4  
C F I R S T  T I M E  THROUGH I S  THE  GROUND S T A T E  M A I N  0 6 5  
C  THE SECOND T I M E  THROUGI-I I S  THE UPPER S T A T E  M A I N  0 6 6  
C  A  MAXIMUM O F  FOUR L E V E L S  O F  THE UPPER S T A T E  CAN B E  USED I N  M A I N  0 6 7  
C  COMPUTING I N T E N S I T I E S  AT ONE T I M E *  M A I N  0 6 8  
C I H E  ~ A M E  V A L U ~  Ot I I ~ N ~ ~ ~ K A ~ N D ~ ~ X H ~ X M ~ N ~ X M A X ~ ~ I R A ~ ~ N E ~  M A I N  0 6 9  
C  r I I E N l  MUST B E  USED FOR BOTH THE GROUND AND UPPEP S T A T E  M A I N  070 
C  M A I N  0 7 1  

I K O N  = 1 M A I N  0 7 2  
5  R E A D I N P U T T A P E 5 t l 0 3 r I I R A , I I E N ~ N ~ I K O N ) r ( D T F R M T ~ I ~ ~ I ~ l ~ l O ~  M A I N  0 7 3  

1 0 3  FORMAT ( 3 1 4 ,  1 0 A 6 )  M A I N  0 7 4  
6  I F  ( I I R A )  7 , 8 9 7  M A I N  0 7 5  
7  N I K O N  = N ( I K 0 N )  M A I N  0 7 6  

R E A D I N P U T T A P E 5 r D T F R M T I ( X I ( I , I K O N ) ~ Y I ~ I ~ I K O N ) ~ I = l * N I K O N )  M A I N  0 7 7  
C  M A I N  0 7 8  
C  NEXT  CARD C O N T A I N S  NDE AND THE D I S S O C I A T I O N  ENEPGY WHERE NDE I S  M A I N  0 7 9  
C  ZERO I F  ZERO P T  O F  P O T E N T I A L  CURVE I S  AT  R = I N F I N I T Y *  OR ONE I F  A T M A I N  0 8 0  
C  R = R E Q U I L I B R I U M .  D I S S O C I A T I O N  ENERGY HAS SAME U N I T S  AS  P O T E N T I A L e M A I N  0 8 1  
C  M A I N  0 8 2  

R E A D I N P U T T A P E ~ P ~ O ~ P N D E , P E ( I K O N )  M A l N  nR7 
1 0 5  FORMAT ( I 4 * F 1 0 . 0 )  M A I N  0 8 4  

GO TO 1 7  M A I N  0 8 5  
C M A I N  0 8 6  
C  NEXT  DATA CARD C O N T A I N S  X M I N * X M A X s X H * I I R A *  WHERE I I R A  G I V E S  THE M A I N  0 8 7  
C  U N I T S  FOR THE M I N  AND MAX D I S T A N C E S  AND THE S P A C I N G  X H *  M A I N  0 8 8  
C  M A I N  0 8 9  

8  R E A D I N P U T T A P E 5 r l 0 4 ~ D E ( I K O N I ~ W E ( I K O N ) r R E ( I K O N )  M A I N  090 
1 7  R E A D I N P U T T A P E 5 r 1 0 4 ~ X M I N * X M A X ~ X H ~ I I R A l  M A I N  091 

1 0 4  F O R M A T ( 3 F 1 3 . O s I 4 )  M A I N  0 9 2  
C  M A I N  0 9 3  
C  N E X T  CARD H A S  NO. AND I I E N  OF EXPECTED ENERGY L E V E L S ,  AND N E T  M A I N  0 9 4  
C  WHICH HAS THE SAME I N T E R P R E T A T I O N  FOR E T R I A L ( 1 )  AS N D E  DOES FOR M A I N  0 9 5  
C  THE P O T E N T I A L  CURVE ABOVE*  M A I N  0 9 6  
C  I T  A L S O  C O N T A I N S  THE V A R I A B L E  FORMAT FOR R E A D I N G  ENERGY L E V E L S  M A I N  0 9 7  
C M A I N  0 9 8  

R E A D I N P U T T A P E 5 r l 0 6 ~ N L ~ I K O N ) r I I E N l r N E T I ( D U F M T ~ l ~ ~ I ~ l ~ l O ~  M A I N  0 9 9  
1 0 6  FORMAT ( 3 1 4 9  1 0 A 6 )  M A I N  100 

I F  I N L )  1 5 r 1 5 r 1 4  M A I N  101 
1 4  N L I K C N  = N L ( I K 0 N )  M A I N  1 0 2  

C  M A I N  1 0 3  
C  READ I N  ENERGY L E V E L S  M A I N  1 0 4  
C  M A I N  1 0 5  

R E A D I N P U T T A P E 5 r D U F M T ~ ~ K V ~ I ~ I K O N ) , E T R I A L ~ I t I K O N ~ ~ I ~ l ~ N L I K O N ~  M A I N  1 0 6  
C M A I N  1 0 7  
C  GO BACK TO STATEMENT 5  AND R E A D  I N  UPPER S T A T E  M A I N  1 0 8  
C  M A I N  1 0 9  

1 5  GO TO ( 1 5 0 1 r 1 5 0 2 ) r  I K O N  M A I N  110 
1 5 0 1  I K O N  = 2 M A I N  111 

GO TO 5  M A I N  1 1 2  
C M A I N  1 1 3  
C  AFTER BOTH THE LOWER AND UPPER S T A T E S  ARE READ I N *  M A I N  1 1 4  
C  0 2  NU SCHR M O D I F I E D  FOR THE 7 0 9 / 7 0 9 0 / 7 0 9 4  I S  D E S C R I B E D  I N  M A I N  1 1 5  
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R. N o  ZARE AND J. K. C A S H I O N *  U C R L - 1 0 8 8 1 9  1 9 6 3  M A I N  1 1 6  
FOR T H I S  PROGRAM THE CONSTANTS ARE USED A S  FOLLOWS M A I N  1 1 7  
I F  N I  = l r  P R I N T S  I T E R A T I O N S *  OTHERWISE  NOT M A I N  1 1 8  
I F  N S  = l r  P R I N T S  WAVEFUNCTION EVERY I P S I Q  P O I N T S ?  OTHERWISE  NOT M A I N  1 1 9  
I F  N S  = 3 3 9  P R I N T S  E I G E N V A L U E S  AND NODE COUNT M A I N  1 2 0  
E P S  I S  THE CONVERGENCE C R I T E R I O N  M A I N  1 2 1  
E P S  I S  I N  THE SAME U N I T S  AS  THE P O T E N T I A L  CURVE M A I N  1 2 2  
M A X I T  I S  THE  MAXIMUM NUMBER OF T I M E S  SCHR W I L L  TPY TO S A T I S F Y  THE M A I N  1 2 3  
CONVERGENCE C R I T E R I O N  M A I N  1 2 4  

M A I N  1 2 5  
L L I M  = 1 0 0  M A I N  1 2 6  
K L I M  = 2  M A I N  1 2 7  
READ I N P U T  TAPE 5 r l 0 7 r N I * N S r I P S I Q r M A X I T I E P S  M A I N  1 2 8  
F O R M A T ( ~ I ~ ~ E L O I O )  M A I N  1 2 9  

M A I N  1 3 0  
N E X T  TWO CARDS ARE THE VALUES OF J FOR THE LOWER AND UPPER S T A T E  M A I N  131  

M A I N  1 3 2  
R E A D I N P U T T A P E 5 t l 4 4 r J R O T b r J F ! O T U  M A I N  1 3 3  
FORMAT ( 1 3  M A I N  1 3 4  

M A I N  1 3 5  
NEXT  S I X  CARDS ARE THE R O T A T I O N A L  CONSTANTS*  B E *  A L P H A E *  GAMMAE* M A I N  1 3 6  
FOR THE LOWER AND UPPER S T A T E S *  M A I N  1 3 7  
THE R O T A T I O N A L  CONSTANTS ARE I N  WAVE NUMBERS M A I N  1 3 8  

M A I N  1 3 9  
READ I N P U T  TAPE 5t2000rBEl*AElrGEltBE2*AE2*GE2 M A I N  1 4 0  
F O R M A T ( E Z O m 8 )  M A I N  1 4 1  

M A I N  1 4 2  
N E X T  DATA CARD C O N T A I N S  T E r  OR THE CORRESPONDING Q U A N T I T Y  I F  THE M A I N  1 4 3  
F I R S T  P O T E N T I A L  I S  NOT T l l E  GROUND S T A T E *  T E  I S  I N  WAVE NUMBERS M A I N  1 4 4  

M A I N  1 4 5  
READ I N P U T  TAPE 5 , 2 0 0 0 r T E  M A I N  1 4 6  

M A I N  1 4 7  
I 

N E X T  CARD C O N T A I N S  NPOT. M A I N  1 4 8  
THE P O T E N T I A L  I S  P R I N T E D  AT  EVERY NPOT P O I N T *  M A I N  1 4 9  
NPOT = 5  I S  SUGGESTED TO THE USER. M A I N  1 5 0  

M A I N  1 5 1  
READ I N P U T  TAPE 5 r 1 4 4 r N P O T  M A I N  1 5 2  

M A I N  1 5 3  
T H I S  T E R M I N A T E S  COMMENT C A R D S  ON THE P R E P A R A T I O N  OF DATA. M A I N  1 5 4  
I F  NO FURTHER PROBLEMS FOLLOW* REMEMBER TO ADD A  BLANK CARD TO T H E M A I N  1 5 5  
D A T A  DECK M A I N  1 5 6  

M A I N  1 5 7  
M A I N  1 5 8  

Q I R A ( 1 )  = 6HA.U. M A I N  1 5 9  
Q I R A ( 2 )  = 6HANGST. M A I N  1 6 0  
Q I E N ( 1 )  = 6HP.U. M A I N  1 6 1  
Q I E N ( 2 )  = 6 H l / C M  M A I N  1 6 2  
Q I E N ( 3 )  = 6HE.V. M A I N  1 6 3  
Q I M S ( 1 )  = 6 H C 1 2 = 1 2  M A I N  1 6 4  
Q I M S ( 2 )  = 6 H 0 1 6 = 1 6  M A I N  1 6 5  
P R F M T ( 1 )  = 6 H t l H 0 6 X  M A I N  1 6 6  
P R F M T ( 2 )  = 6H3HV- -4  M A I N  1 6 7  
P R F M T ( 3 )  = 6 H ( l l X 5 H  M A I N  1 6 8  
P R F M T ( 4 )  = 6HV-  = I M A I N  1 6 9  
P R F M T ( 5 )  = 6 H 3 r 1 1 X )  M A I N  1 7 0  
P R F M T ( 6 )  = 3 H / / )  M A I N  1 7 1  
P N F T ( 1 )  6 H 3 H V - - 1  M A I N  1 7 2  
P N F T ( 2 )  = 6H3HV- -2  M A I N  1 7 3  
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P N F T ( 3 )  = 6H3HV--3 MAIN 1 7 4  
P N F T ( 4 )  = 6H3HV--4 MAIN 1 7 5  

C MAIN 1 7 6  
C OUTPUT I S  I N  WAVE NUMBERS AND ANGSTROMS MAIN 1 7 7  
C PR I NT HEAD I NG . MAIN 1 7 8  
C MAIN 1 7 9  

WRITEOUTPUTTAPE6*101 MAIN 1 8 0  
C MAIN 1 8 1  
C P R I N T  THE MASSES AND THEIR UNITS.  MAIN 1 8 2  
C MAIN 1 8 3  

1 0 I F  ( 7 M A S 7 )  2 2 r 1 2 r l l  . MAIN i84 
11 W R I T E O U T P U T T A P E 6 r 1 2 1 ~ Q I M S ( I I M S ) ~ Z M A S l ~ Z M A S 2  MAIN 1 8 5  

1 2 1  FORMAT ( / / / 4 0 H  THE MASSES OF THE TWO ATOMS* BASED ON A69 6 H 9 . A R E  MAIN 1 8 6  
Z  F10.69 5H AND F 1 0 * 6 / / / )  MAIN 1 8 7  

GO TO 2 0  MAIN 1 8 8  
1 2  W R I T E O U T P U T T A P E 6 9 1 1 1 ~ Q I M S ( I I M S ) ~ Z M A S l  MAIN 1 8 9  

111 FORMAT ( / / / 4 6 H  THE REDUCED MASS OF THE TWO ATOMS* BASED ON A69 MAIN 1 9 0  
Z 5H9 I S  F 1 0 . 6 / / / )  MAIN 1 9 1  

C MAIN 1 9 2  
C P R I N T  THE INPUT P O T E N T I A L *  THE D I S S O C I A T I O N  ENERGY* AND U N I T S *  MAIN 1 9 3  
C I F  READ I N *  MAIN 1 9 4  
C MAIN 1 9 5  

IKON = 1 MAIN 1 9 6  
2 0  I F  ( I I R A )  2 1 9 2 2 9 2 1  MAIN 1 9 7  
2 1  W R I T E O U T P U T T A P E 6 * 1 2 2 ~ Q I R A ( I I R A ) ~ Q I E N ( I I E N )  M A I N  198 

1 2 2  FORMAT ( 3 5 H  THE INPUT P U I E N T I A L  P O I N T S *  R I N  A69 1 5 H  AND ENERGY I M A I N  1 9 9  
ZN A69 18Hc ARE GIVEN BELOW* / /  1X 5 ( 6 X l H R l O X l H V 4 X )  / / )  MAIN 2 0 0  

NIKON = N ( I K 0 N )  MAIN 2 0 1  
W R I T E O U T P U T T A P E 6 ~ 1 1 4 r ( X I ( I ~ I K O N ~ ~ Y I ( I t I K O N ~ ~ I ~ l ~ N I K O N ~  MAIN 2 0 2  

1 1 4  FORMAT ( 1 X  F 1 0 ~ 6 r F 1 2 ~ 4 ~ F 1 0 ~ 6 t F 1 2 ~ 4 ~ F 1 0 ~ 6 ~ F 1 2 ~ 4 ~ F 1 0 0 6 ~ F 1 2 ~ 4 ~  MAIN 2 0 3  
Z F10 .6 rF12 .4 )  MAIN 2 0 4  

W R ! T E O U T P U T T A P E 6 9 1 ' 2 3 r D E ( I K O N )  MAIN 2 0 5  
1 2 3  FORMAT (47HC D I S S O C I A T I O N  ENERGY I N  SAME U N I T S  AS ABOVE I S  E20 .8 )MAIN 2 0 6  

GO T O  23  MAIN 2 0 7  
2 2  WRITEOUTPUTTAPE6*127 MAIN 2 0 8  

1 2 7  FORMAT ( 5 0 H  THE POTENTIAL FUNTION I S  GENERATED INTERNALLY. MAIN 2 0 9  
WRITEOUTPUTTAPE6*DTFRMT MAIN 2 1 0  

C MAIN 2 1 1  
C P R I N T  RMIN*  RMAXI THE SPACING* AND THE UNITS.  MAIN 2 1 2  
C MAIN 2 1 3  

2 3  W R I T E O U T P U T T A P E 6 r l 2 4 r X M I N ~ X M A X ~ X H * Q I R A ( I I R A l ~ )  MAIN 2 1 4  
1 2 4  FORMAT ( / / / /  9H RMIN = F10.79 9Hs RMAX = F10.79 12H9 SPACING = MAIN 2 1 5  

Z F 1 0 . 7 ~  9H9 ALL  I N  A 6 )  . MAIN 2 1 6  
C .  MAIN 2 1 7  
C PRINT THE T R I A L  ENERGY LEVELS AND THEIR UNITS.  MAIN 2 1 8  
C M A I N  2 1 9  

I F  ( N L )  2 5 , 2 5 9 2 4  MAIN 2 2 0  
2 4  NLIKON = N L ( 1 K O N )  MAIN ' 2 2 1  

W R ~ T E O U T ~ U T T A P E ~ ~ ~ ~ ~ ~ Q I E N ( I I E N ~ ) ~ ( K V ( I ~ I K O N E T R I A L I I K O N I = ~ N L M A I N  2 2 2  
1 I K O N )  MAIN 2 2 3  

1 2 5  FORMAT ( / / / / 2 9 H  THE T R I A L  ENERGY LEVELS I N  A6*16HARE GIVEN BELOWoMAIN 2 2 4  
Z  / / l ~  5(5HLEVEL3X6HENERGY6X) / / .  ( 1 H  1 4 t l P E 1 6 . 7 t I 4 r E 1 6 . 7 r  MAIN 2 2 5  
Z 14,E16*7914rE16.7,14*E1607) 1 MAIN 2 2 6  

GO TO 1 8  MAIN 2 2 7  
2 5 W R I T E O U T P U T T A P E 6 r l 6 1 r D E ( I K O N ) ~ W E ( I K O N ) t R E ( I K O N )  MAIN 2 2 8  

1 6 1  FORMAT ( 7 H  DE = F1002 ,7H9 WE = F 1 0 . 3 r l l H 9  AND RE = ~ 1 0 0 ' 6 )  MAIN 2 2 9  
C MAIN 2 3 0  
C P R I N T  THE CONVERGENCE CRITERION. MAIN 2 3 1  
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C MAIN 232 
18 GO TO (1801r1802)tIKON MAIN 233 

1801 IKON = 2 MAIN 234 
GO TO 20 MAIN 235 

1802 WRITEOUTPUTTAPE6tl26*EPS9QIEN(IIEN) MAIN 236 
126 FORMAT (////43H CONVERGENCE CRITERION IS ERROR LESS THAN E9.29 MAIN 237 

Z 2XA6 ) MAIN 238 
C MAIN 239 
C PRINT HEADING MAIN 240 

WRITEOUTPUTTAPE6tlOl MAIN 241 
C MAIN 242 

200 IF (ZMAS2) 20192019202 MAIN 243 
201 ZMU = ZMASl MAIN 244 

GO TO 204 MAIN 245 
202 ZMU = ZMASl*ZMAS2/(ZMASl+ZMAS2) MAIN 246 
204 L I M S ( ~ )  = 1.0 MAIN 247 

ZIMS(2) = .PP96784 MAIN 248 
ZIRA(1) = 1.0 MAIN 249 
ZIRA(2) = 1.889766 MAIN 250 
ZMU = ZMU * ZIMS(1IMS) MAIN 251 
ZIEN(1) = ZMU * 3.643668E3 MAIN 252 
ZIEN(2) = ZMU + 1.6610826E-2 MAIN 253 
ZIEN(3) = ZMU * 1.339776E2 MAIN 254 
FACM = 60*201702/ZMU MAIN 255 
IPOTGN = 0 MAIN 256 
N2 = N(2) MAIN 257 
NL2 = NL(2) MAIN 258 

210 IF (IIRA) 2149212,214 MAIN 259 
C POTGEN MUST GENERATE THE ENTIRE POTENTIAL CURVE* IN ADDITION, MAIN 260 
C IT MUST SET THE VALUES O f  IIRAIIIEN,MINDE, AND DE. NUE WILL BE MATN 261 
C USED TO SET THE HEIGHT OF THE POTENTIAL CURVE* MAIN 262 

212 CALL POTGEN ( I P O T G N ~ D E ~ N D E t I I R A ~ I I E N ~ R E ~ E T R I A L ~ K V ~ N L I I E N l r N E T r W E M A I N  263 
lZMU,.XMAXrXYIN,XH,FACM *XO9VrM ) MAIN 264 
T F f d P ~ T ~ N - l ~ 1 7 l ? t 7 1 3 ~ 1  MAIN 265 

213 CALL P O T G E N ( I P O T G N ~ D E ( 2 ) ~ N D E ~ I I R A ~ I I E N ~ R E ( 2 ) t E T R I A L l 2 K V l 2  MAIN 266 
l N L ( 2 ) r I I E N l r N E T r W E ( 2 ) ~ Z M ' J * X M A X ~ X M I N I X H I F A C M r X O ~ V ( l ~ 2 ) ~ M )  MAIN 267 
IF (IPOTGN - 10) 226922691 MAIN 268 

214 DO 216 I = IrN MAIN 26Y 
YI(I) = YI(I)*ZIEN(IIEN) MAIN 270 
XI(I) = XI(I)*ZIR4(IIRAI MAIN 271 

216 CONTINUE MAIN 272 
DE = DE*ZIEN(IIEN) MAIN 273 
DE(2) = DE(Z)*ZIEN(IIEN) MAIN 274 

220 DO 222 I = lrN2 MAIN 275 
YI(I12) = YI(Ir2) *ZIEN(IIEN) MAIN 276 
XI(Ir2) = XI(Ir2)*ZIRA(IIRA) MAIN 277 

222 CONTINUE MAIN 278 
226 XMIN = XMIN*ZIRA(IIRAl) MAIN 279 

XMAX = XMAX*ZIRA(IIRAl) MAIN 280 
XH = XH *ZIRA(I IRA1 MAIN 281 
EPS = EPS * ZIEN(IIEN1 MAIN 282 
NL2 = NL(2) MAIN 283 
DO 235 I = 19NL2 MAIN 284 
ETRIAL(I92) = ETRIAL(It2)*ZIEN(IIEN11 MAIN 285 

235 CONTINUE 1 MAIN 286 
236 DO 238 I = 1,NL MAIN 287 

ETRIAL(1) = ETRIAL(I)*ZIEN(IIENl) MAIN 288 
238 CONTINUE MAIN 289 
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C  CHECK FOR RESCALING OF POTENTIAL TO ZERO AT R = I N F I N I T Y  MAIN 2 9 0  
2 3 9  I F  ( N D E )  3 0 8 9 2 4 4 9 2 4 0  MAIN 2 9 1  
2 4 0  I F  ( I P O T G N )  2 4 4 9 2 4 1 , 2 4 4  MAIN 2 9 2  
2 4 1  DO 2 4 2  I = I t N  MAIN 2 9 3  

Y I ( I )  = Y I ( 1 )  - DE MAIN 2 9 4  
2 4 2  CONTINUE MAIN 2 9 5  

DO 2 4 3  1  = l r N 2  M A I N  2 9 6  
Y I ( I t 2 1  = Y I ( I r 2 )  - D E ( 2 )  MAIN 2 9 7  

2 4 3  CONTINUE MAIN 2 9 8  
2 4 4  I F  ( N E T )  3 0 0 r 2 4 7 9 2 4 5  MAIN 2 9 9  
7 4 5 ' n n  2 0 6  r = ~ * N L  MAIN 300 

E T R I A L ( 1 )  = E T R I A L ~ I ) - D E + ( B E 1 - A E 1 * ~ F L O A T F ( I - 1 ) + C E l * F L O A T F I - l M A I N  3 0 1  
l ) + o 5 ) * * 2 ) * F L O A T F ( J R O T L * ( J R O T L + l ) ) / F A C M  MAIN 3 0 2  

2 4 6  CONTINUE MAIN 3 0 3  
DO 2 4 6 1  I = l r N L 2  MAIN 3 0 4  
E T R I A L ( I r 2 )  = E T R I A L ( I ~ ~ ) - D E ( ~ ) + ( B E ~ - A E ~ * ( F L O A T F ( I - ~ ) + O ~ + G E ~ * F L O M A I N  3 0 5  

lATF(I-l)+o5)**2)+FLOATF(JROTU*(JROTU+l))/FACM MAIN 3 0 6  
2 4 6 1  CONTINUE MAIN 3 0 7  

2 4 7  DO 2 4 8  I = 1 r N L  MAIN 3 0 8  
E C A L C ( 1 )  = E T R I A L ( . I )  MAIN 3 0 9  

2 4 8  CONTINUE MAIN 3 1 0  
DO 2 4 8 1  I = l r N L 2  MAIN 3 1 1  
E C A L C ( I r 2 )  = E T R I A L ( I t 2 )  MAIN 3 1 2  

2 4 8 1  CONTINUE M A I N  3 1 3  
I F ( I P 0 T G N )  2 5 0 r 2 4 9 r 2 5 0  MAIN 3 1 4  

2 4 9  NUSED. = 8  MAIN 3 1 5  
CALL T IME(AFTER MAIN 3 1 6  
X T I Q  = 6 0 0  * (AFTER-BEGIN) M A I N  3 1 7  
9 E G I N  = AFTER MAIN 3 1 8  
W R I T E O U T P U T T A P E 6 r l 3 1 r X T I Q  M A I N  3 1 9  

1 3 1  FORMAT (23HO T IME BEFORE P O T F I T  = F 1 0 0 5 )  MAIN 3 2 0  
IKON = 1 MAIN 3 2 1  

2 4 9 0  CALL P O T F I T ( X I ( l ~ I K O N ) r Y I ( 1 r I K O N ) t N ~ I K O N ) r X O , V ~ l t I K O N ~ ~ M r X H r  MAIN 3 2 2  
Z  X M I N r X M A X t I N S C t N U S E D r F A C M )  MAIN 3 2 3  

I F  ( I N S C )  l t 2 4 9 1 r l  MAIN 3 2 4  
2 4 9 1  CALL T  IMECAFTER MAIN 3 2 5  

X T I Q  = 60. * (AFTER-BEGIN) M A I N  3 2 6  
SEGIN = AFTER MAIN 3 2 7  
W R I T E O U T P U T T A P E 6 r 1 3 2 r X T I Q  MAIN 3 2 8  

1 3 2  FORMAT (20HO T IME FOR P O T F I T  = F 1 0 0 5 )  MAIN 3 2 9  
C MAIN 3 3 0  
C  P R I N T  THE POTENTIAL CURVE GENERATED (ANGSTROMS AND 1 /CM)  MAIN 3 3 1  

2 5 0  WRITEOUTPUTTAPE6r lO8 MAIN 3 3 2  
1 0 8  FORMAT (37HO THE POTENTIAL FUNCTION GENERATED I S  / / /  MAIN 3 3 3  

Z 1X 5 ( 3 X  4 H R ( A )  6X 7 H V ( l / C M )  2 x 1 )  MAIN 3 3 4  
2 5 2  NPOT4 = NPOT*4 MAIN 3 3 5  

NPOT5 = NPOT*5 M A I N  3 3 6  
2 5 4  DO 2 7 0  I = l r M t N P O T 5  MAIN 3 3 7  
2 5 6  I F  (M- I -NPOT4)  2 5 8 r 2 6 2 t 2 6 2  MAIN 3 3 8  
2 5 8  J F l N  = ( M - I ) / N P O T  MAIN 3 3 9  
2 6 0  I F  ( J F I N )  2 7 2 t 2 7 2 t 2 6 4  MAIN 3 4 0  
2 6 2  J F I N  = 5  MAIN 3 4 1  
2 6 4  DO 2 6 6  J = l r J F I N  MAIN 3 4 2  

I P R N  = I + NPOT*(J -1 )  MAIN 3 4 3  
X P R N ( J )  = X O ( I P R N ) * o 5 2 9 1 6 6  MAIN 3 4 4  
V P R N ( J )  = (V(IPRNtIKON)+DE(IKON))*FACM MAIN 3 4 5  

2 6 6  CONTINUE MAIN 3 4 6  
I F  ( V P R N ( 1 )  - 1 o E 6 )  2 6 8 t 2 6 9 r 2 6 9  MAIN 3 4 7  
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2 6 9  WRITEOUTPUTTAPE6tl41((XPRN(J)rVPRN(J)rJ=lrJFIN)rIPRN M A I N  3 4 8  
1 4 1  FORMAT ( 1 X O P F 1 0 ~ 6 ~ l P E 1 2 ~ 5 t 4 ~ O P F 1 O ~ 6 t 1 P E 1 2 ~ 5 ) r 4 X I 5 ~  M A I N  3 4 9  

GO TO 2 7 0  M A I N  3 5 0  
2 6 8  WRITEOUTPUTTAPE6r109r(XPRN(J)rVPRN(J)rJ=lrJFIN)rIPRN M A I N  3 5 1  
1 0 9  FORMAT ( 1 X  F 1 0 * 6 t F 1 2 ~ 4 ~ F 1 0 ~ 6 r F 1 2 ~ 4 t F 1 0 ~ 6 r F 1 2 ~ 4 t F 1 0 ~ 6 r F 1 2 ~ 4 r  M A I N  3 5 2  

Z F 1 0 . 6 r F 1 2 . 4 r 4 X I 5 )  M A I N  3 5 3  
2 7 0  C O N T I N U E  M A I N  3 5 4  
2 7 2  C A L L  T I M E ( A F T E R  ' M A I N  3 5 5  

X T I Q  = 60. * ( A F T E R - B E G I N )  M A I N  3 5 6  
B E G I N  = AFTER M A I N  357 
W R I T E O U T P U T T A P E 6 r l 3 5 r X T I Q  M A I N  3 5 8  

1 3 5  FORMAT ( 3 2 H O  T I M E  FOR P R I N T  OF P O T E N T I A L  = F 9 0 4 r 9 H  SECONDS.) M A I N  3 5 9  
GO TO ( 2 7 2 1 r 2 7 2 9 ) r  I K O N  M A I N 3 6 0  - 

2 7 2 1  IKON'.= 2  M A I N  3 6 1  
W R I T E O U T P U T T A P E 6 t l O l  M A I N  3 6 2  
GO TO 2hQ0 M A I N  363 

2 7 2 9  DO 2 7 2 8  J = 1 t M  M A I N  3 6 4  
V ( J 9 1 1  = F L O A T F ( J R O T L * ( J R O T L + l ) ) / X O ( J ) + + 2 + V ( J r ~ )  M A I N  3 6 5  
I F  ACCUMULATOR OVERFLOW 2 7 2 4 . 2 7 2 5  M A I N  3 6 6  

2 7 2 4  V ( J r 1 )  = 1 e O E + 3 0  M A I N  3 6 7  
2 7 2 5  V ( J r 2 )  = FLOATF(JROTU*(JROTU+l))/XO(J)**Z+V(Jr2) ' M A I N  3 6 8  

I F  ACCUMULATOR OVERFLOW 2 7 2 7 r 2 7 2 8  M A I N  3 6 9  
2 7 2 7  V ( J t 2 )  = 1 e O E + 3 0  M A I N  3 7 0  
2 7 2 8  C O N T I N U E  M A I N  3 7 1  

2 7 2 2  MTEMQ = M  M A I N  3 7 2  
L L K  = 0  M A I N  3 7 3  
K L K  = 0  M A I N  3 7 4  

C F I N D  THE ENERGY L E V E L S  THROUGH U S E  O F  SCHR. MA1 N  3 7 5  
2 7 4  N L I K O N  = N L ( I K 0 N )  M A I N  3 7 6  

DO 2 8 5  I = l r N L I K O N  M A I N  3 7 7  
2 7 6  I F  (SCHR(NI*NSrMAXITtEPSrIPSIQrV(ltIKON)rXOS r M  t X M I N t  M A I N  3 7 8  

Z XMAXtKV(ItIKON)tECALC(I,IKON),FACM)-1.) 2 8 4 r 2 7 8 r 3 0 0  M A I N  3 7 9  
2 7 8  L L K  = L L K  + 1 M A I N  3 8 0  
2 8 0  I F  ( L L K - L L I M )  2 8 4 9 2 8 4 9 3 0 4  M A I N  3 8 1  
2 8 4  M = M I  t M O  M A I N  3 8 2  

DO 2 8 1  J = I r M  M A I N  3 8 3  
X O ( J )  = F L O A T F ( J - 1 ) * X H  + X M I N  M A I N  3 8 4  

2 8 1  C O N T I N U E  M A I N  305  
BVSUM = S ( 1 ) * * 2 / X 0 ( 1 ) * * 2  + 4 0 * S ( 2 ) * * 2 / X O ( 2 ) * * 2  + S ( M ) * * 2 / X O ( M ) * * 2  M A I N  3 8 6  
K S I M P  = M  - 1 M A I N  3 8 7  
DO 2 8 7  J = 3 r K S I M P t Z  M A I N  3 8 8  
BVSUM = 2 o * S ( J ) * * 2 / X O ( J ) * * Z  + 4 * * S ( J + 1 ) * * 2 / X O ( J + 1 ) * * 2  + BVSUM M A I N  3 8 9  

2 8 7  C O N T I N U E  M A I N  3 9 0  
GO TO ( 2 8 7 5 , 2 8 7 1 ) ~  I K O N  M A I N  3 9 1  

2 8 7 1  DO 2 8 7 2  J = I t M  M A I N  3 9 2  
S U ( J r 1 )  = S ( J )  M A I N  3 9 3  

2 8 7 2  C O N T I N U E  M A I N  3 9 4  
GO T O  2 8 7 8  M A I N  3 9 5  

2 8 7 5  DO 2 8 7 7  I K  = l r N L 2  M A I N  3 9 6  
DO 2 8 7 6  J = 1 t M  M A I N  3 9 7  
X O ( J )  = (FLOATF(J-l)*XH+XMIN)*SU(JtIK) M A I N  3 9 8  

2 8 7 6  C O N T I N U E  M A I N  3 9 9  
2 8 7 9  C O N T I N U E  M A I N  4 0 0  

C A L L  S I M P ( S r S U ( l t I K ) r M t X H r R E S U L T ( I r l K ) )  M A I N  4 0 1  
C A L L  S I M P ( S t X O t M t X H t R C N T R D ( 1 d K ) )  M A I N  4 0 2  

2 8 7 7  C O N T I N U E  M A I N  4 0 3  
DO 2 8 8 2  I K  = l r N L 2  M A I N  4 0 4  
DO 2 8 8 1  J = I r M  M A I N  4 0 5  
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X O I J )  = IFLOATF(J-l)*XH+XMIN)**2*SU(JrIK) M A I N  4 0 6  
2 8 8 1  CONTINUE MAIN 4 0 7  

CALL S I M P ( S r X O r M r X H r R R C N ( I r 1 K ) )  MAIN 4 0 8  
2 8 8 2  CONTINUE MAIN 4 0 9  

2 8 7 8  B V F ( I r I K 0 N )  = FACM * BVSUM * XH / 3. MAIN 4 1 0  
E C A L C ( 1 r I K O N )  = D E ( I K 0 N )  * FACM + E C A L C ( I 9 I K O N )  MAIN 4 1 1  

, CALL T IME(AFTER1 M A I N  4 1 2  
X T I Q  = 6 0 0  * (AFTER-BEGTN) MAIN 4 1 3  
B E G I N  = AFTER M A I N  4 1 4  
WRITEOUTPUTTAPE6rl62rECALC(I1IKON),BVF(IrIKON)rXTIQ MAIN 4 1 5  

1 6 2  FORMAT (30HO SCHR F I N D S  ENERGY LEVEL G = F l l e 5 r 1 5 H  1/CM AND BV = MAIN 4 1 6  
Z F l l o 7 r 9 H  1/CM I N  F 7 e 4 r 9 H  SECONDS* 1 MAIN 4 1 7  

2 8 5  CONTINUE MAIN 4 1 8  
GO TO ( 2 8 5 2 r 2 8 5 1 ) r I K O N  MAIN 4 1 9  

2 8 5 1  IKON = 1 MAIN 4 2 0  
GO TO 2 7 2 2  MAIN 422  

2 8 5 2  WRITEOUTPUTTAPEGrlOl  MAIN 4 2 2  
W R I T E O U T P U T T A P E 6 t l l O ( L L K  M A I N  4 2 3  

1 1 0  FORMAT (38HO PROGRAM SUCCESSFUL* ( M A X I T  REACHED 129  7H T I M E S )  ) M A I N  4 2 4  
WRITEOUTPUTTAPE6r l28  M A I N  4 2 5  

1 2 8  FORMAT (35HO THE BELOW I S  FOR THE LOWER STATE* ) MAIN 4 2 6  
WRITEOUTPUTTAPE6t l33  MA I N '  4 2 7  

1 3 3  FORMAT (54HOVIB.  NO. GIVEN ENERGY CALC* ENERGY DIFFERENCE MAIN 4 2 8  
Z 13X43HGIVEN DELTA G  CALC* DELTA G DIFFERENCE / 4 4 X  M A I N  4 2 9  
Z 26HDIFFERENCE = CALC* - GIVEN / / )  MAIN 4 3 0  

2 8 6  DU 288 I = l r N L  MAIN 4 3 1  
E T R I A L ( 1 )  = ( E T R I A L ( 1 )  + D E )  * FACM MAIN 4 3 2  
D I F F  = E C A L C ( 1 )  - E T R I A L ( 1 )  M A I N  4 3 3  
I F  ( 1 - 1 )  2 9 0 9 2 9 0 9 2 9 2  MAIN 4 3 4  

2 9 2  DGT = E T R I A L ( 1 )  - E T R I A L ( 1 - 1 )  MAIN 4 3 5  
DGC = E C A L C ( 1 )  - E C A L C ( 1 - 1 )  MAIN 4 3 6  
D I F D E  = DGC - DGT MAIN 4 3 7  
WRITEOUTPUTTAPE6r136rDGTrDGCrDIFDE MAIN 4 3 8  

1 3 6  FORMAT ( 64X3F15.5 )  MAIN 4 3 9  
2 9 0  WRITEOUTPUTTAPE6rl34(KV(I)rETRIAL(I)rECALC~I)rDIFF ' MAIN 4 4 0  
1 3 4  FORMAT ( 1 8 1  3F15.5)  M A I N  4 4 1  
2 8 8  CONTINUE MAIN 4 4 2  

WRITEOUTPUTTAPE6r l30  M A I N  4 4 3  
1 3 0  FORMAT ( l H 1 2 8 X 8 H V I B .  NO*3X9HCALC. BV / / )  MAIN 4 4 4  

DO 2 9 4  I = 19NL MAIN 4 4 5  
W R I T E O U T P U T T A P E 6 r 1 2 9 r K V ( I ) r B V F ( I )  MAIN 4 4 6  

1 2 9  FORMAT ( 2 8 X I 7 r 3 F 1 5 . 8 )  MAIN 4 4 7  
2 9 4  CONTINUE MAIN 4 4 8  

WRITEOUTPUTTAPE6r101 M A I N  4 4 9  
WRITEOUTPUTTAPE6r l37  MAIN 4 5 0  

1 3 7  FORMAT (35HO THE BELOW I S  FOR THE UPPER STATE* ) MAIN 4 5 1  
WRITEOUTPUTTAPE6r138 MAIN 4 5 2  

1 3 8  FORMAT ( 5 4 H O V I B e  N O *  GIVEN ENERGY CALC* ENERGY DIFFERENCE MAIN 4 5 3  
Z /4+X26HDIFFERENCE = CALC* - GIVEN / / )  . M A I N  4 5 4  

DO 3 8 8  I = l t N L 2  MAIN 4 5 5  
E T R I A L ( I t 2 )  = ( E T R I A L ( I r 2 )  + D E ( 2 ) )  9 FACM MAIN 4 5 6  
D I F F  = E C A L C ( I t 2 ) - E T R I A L ( I 2 )  M A I N  4 5 7  
W R I T E O U T P U T T A P E 6 r 1 3 4 r K V ( I r 2 ) r E T R I A L ( I , 2 ) ~ E C A L C ( I r 2 ) r D I F F  MAIN 4 5 8  

3 8 8  CONTINUE MAIN 4 5 9  
WRITEOUTPUTTAPE6r l30  MAIN 4 6 0  
DO 3 9 4  I = l r N L 2  MAIN 4 6 1  
WRITEOUTPUTTAPE6rl29rKV(Ir2)rBVF(I,2) MAIN 4 6 2  

3 9 4  CONTINUE MAIN 4 6 3  
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DO 5 1 0  J = l t N L  
DO 5 1 0  I K  = l r N L 2  
R C N T R D ( J r I K 1  = R C N T R D ( J t I K ) * O * 5 2 9 1 6 6 / R E S U L T ( J , I K )  
R R C N ( J r I K 1  = R R C N ( J I I K ) * O ~ ~ ~ ~ ~ ~ ~ * * Z / R E S U L T ( J ~ I K )  
R E S U L T ( J t 1 K )  = R E S U L T ( J t I K ) * * 2  
CONT I NUE 
W R I T E  OUTPUT TAPE 6 1 5 0 0  
FORMAT ( 2 4 H 1  FRANCK-CONDON FACTORS ) 

P R F M T ( 2 )  = P N F T ( N L 2 )  
W R I T E  OUTPUT TAPE 6 r P R F M T r ( K V ( J t 2 ) r J  = l t N L 2 )  
DO 5 2 0  J = l r N L  
W R I T E  OUTPUT TAPE 6 t 5 0 8 r K V ( J ) r ( R E S U L T ( J v I L K I L K  = l r N L 2 )  
F O R M A T ( 6 X r I 4 t 4 ( 1 0 X t E l O ~ 4 r l O X ) )  
C O N T I N U E  
W R I T E  OUTPUT TAPE 6 , 5 1 4  
F O R M A T ( 3 2 H l  R -CCNTROID  FACTORS ( A N G S T R O Y S )  1 
W R I T E  OUTPUT T A P E  6 t P R F M T r ( K V ( J r Z ) r J  = 1 9 N L 2 )  
DO 5 1 6  J = l t N L  
W R I T E  OUTPUT TAPE 6 r 5 0 8 r K V ( J ) r ( R C N T R D ( J , I L K ) t I L K  = 1 r N L 2 )  
CONT 1  NUE 
W R I T E  OUTPUT TAPE 6 , 5 1 7  
F O R M A T ( 1 7 H l  R* *2 -CENTROIDS  1 
W R I T E  OUTPUT TAPE ~ ~ P R F M T ~ ( K V ( J I ~ ) ~ J  = 1 9 N L 2 )  
DO 5 1 8  J = l t N L  
W R I T E  CUTPUT TAPE 6 r 5 0 8 r K V ( J ) r ( R R C N ( J r I L K I L K  = l r N L 2 )  
C O N T I N U E  

CORRECT FOR FREQUENCY DEPENDENCE 
AND ,SCALE  TO TEN 

DO 5 1 2 1  I K  = l r N L 2  
D I V ( I K )  = 0.0 
D D I V ( I K )  = 0 .0  
DO 5 1 2 1  J = l r N L  
R E S U L T ( J r 1 K )  = R E S U L T ( J r 1 K )  *(TE+ECALC(IKrZ)-ECALC(Jrl))**3 
R C N T R D ( J t 1 K )  = HESULT(JrIK)*(TE+ECALC(IK~2)-ECALC(JI1)) 
C O N T I N U E  
DO 5 0 2 2  I K  = l r N L 2  
DO 5 0 2 2  J = 1 r N L  
D I V ( I K )  = M A X l F ( D l V ( I K ) r R E S U L T ( J I I K ) )  
D D I V ( 1 K )  = M A X l F ( D D I V ( I K ) r R C N T R D ( J , I K ) )  
C O N T I N U E  
DO 5 0 2 3  I K  = l r N L 2  
DO 5 0 2 3  J = l r N L  
R E S U L T ( J r 1 K )  = RESULT(JrIK)/DIV(IK)*lO*O 
R C N T R D ( J r I K 1  = RCNTRD(JrIK)/DDIV(IK)*lO.O 
CONT I NUE 
W R I T E  OUTPUT TAPE 6 , 5 0 2 4  
F O R M A T ( 4 8 H l  R E L A T I V E  I N T E N S I T Y ( Q U A N T U M / S E C )  SCALED TO TEN 1 
W R I T E  OUTPUT TAPE 6 r P R F M T r ( K V ( J , Z ) r J  = 1 r N L 2 )  
DO 5 0 2 6  J = l r N L  
W R I T E  OUTPUT T A P E  6 r 5 0 9 t K V ( J ) r ( R E S U L T ( J r I L K I L K  1 r N L 2 )  
F O R M A T ( 6 X r I 4 r 4 ( 1 2 X r F 6 m 3 r 1 2 X ) )  
CONT I NUE 
W R I T E  OUTPUT TAPE 6 , 5 0 3 0  
F O R M A T ( 4 7 H l  R E L A T I V E  I N T E N S I T Y ( E N E R G Y / S E C )  SCALED TO TEN 1 
W R l T E  OUTPUT TAPE 6 t P R F M T r ( K V ( J v Z ) t J  = l r N L 2 )  
DO 5 0 2 7  J = l r N L  

M A I N  4 6 4  
M A I N  4 6 5  
M A I N  4 6 6  
M A I N  4 6 7  
M A I N  4 6 8  
M A I N  4 6 9  
M A I N  4 7 0  
M A I N  4 7 1  
M A I N  4 7 2  
M A I N  4 7 3  
M A I N  4 7 4  
M A I N  4 7 5  
M A I N  4 7 6  
M A I N  4 7 7  
M A I N  '178 
M A I N  4 7 9  
M A I N  4 8 0  
M A I N  4 8 1  
M A I N  4 8 2  
M A I N  4 8 3  
M A I N  4 8 4  
M A I N  4 8 5  
M A I N  4 8 6  
M A I N  4 8 7  
M A I N  4 8 8  
M A I N  4 8 9  
M A I N  4 9 0  
M A I N  4 9 1  
M A I N  4 9 2  
M A I N  4 9 3  
M A I N  4 9 4  
M A I N  4 9 5  
M A I N  4 9 6  
M A I N  4 9 7  
M A I N  4 9 8  
M A I N  4 9 9  
M A I N  5 0 0  
M A I N  5 0 1  
M A I N  5 0 2  
M A I N  5 0 3  
M A I N  5 0 4  
M A I N  5 0 5  
M A I N  5 0 6  
M A I N  5 0 7  
M A I N  5 0 8  
M A I N  5 0 9  
M A I N  5 1 0  

. M A I N  5 1 1  
M A I N  5 1 2  
M A I N  5 1 3  
M A I N  5 1 4  
M A I N  5 1 5  
M A I N  5 1 6  
M A I N  5 1 7  
M A I N  5 1 8  
M A I N  5 1 9  
M A I N  5 2 0  
M A I N  5 2 1  
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W R I T E  O U T P U T  T A P E  6 r 5 0 9 * K V ( J ) r ( R C N T R D ( J s I L K I L K  = l r N L 2 )  M A I N  5 2 2  
5 0 2 7  C O N T I N U E  M A I N  5 2 3  

W R I T E  O U T P U T  T A P E  6 9 5 0 3 1  M A I N  5 2 4  
5 0 3 1  F O R M A T ( l Z H 1  C O N S T A N T S  M A I N  5 2 5  

W R I T E  O U T P U T  T A P E  6 t l 4 4 r J R O T L 9 J R O T U  M A I N  5 2 6  
W R I T E  O U T P U T  T A P E  6 r 2 0 O O ' r T E ~ B E l r B E 2 r A E l ~ A E 2 ~ G E l ~ G E 2  M A I N  5 2 7  
GO T O  1 M A I N  5 2 8  

3 0 0  K L K  = K L K  + 1 M A I N  5 2 9  
301  I F  ( K L K - K L I M )  2 8 4 9 3 0 2 9 3 0 2  MAIN 5 3 0  
3 0 2  WRITEOUTPUTTAPE6rll29KLIM M A I N  5 3 1  
1 1 2  F O R M A T  ( 2 6 H O  S C H R  N O T  S U C C E S S F U L  F O R  1 2 9  2 8 H T H  T I M E *  G O  T O  N E X T  P R M A I N  5 3 2  

? O B L E M *  1 M A I N  5 3 3  
GO T O  1 M A I N  5 3 4  

3 0 4  WRITEOUTPUTTAPE6tll39LLIM91 M A I N  5 3 5  
1 1 3  F O R M A T  ( 2 8 H O  S C H R  D I D  N O T  C O N V E R G E  F O R  I 2 r 1 7 H T H  TIME WHEN I = 1 3 )  M A I N  5 3 6  
3 0 6  GO T O  1 M A I N  5 3 7  
3 0 8  W R I T E O U T P U T T A P E 6 t l 2 0 ( N D E  M A I N  5 3 8  
1 2 0  F O R M A T  ( 2 5 H O  ERROR I N  I N P U T .  N D E  = 1 1 0 )  M A I N  , 5 3 9  

GO T O  1 M A I N  5 4 0  
4 0 0  C A L L  E X I T  M A I N  5 4 1  

E N D  M A I N  5 4 2  

C P O T F I T  U S I N G  N T R P S R t M I N F l T 9 M A X F I T  
S U B R O U T I N E  P O T F I T  ( X I ~ Y I I N I X O I V I M I X H * X M I N ~ X M A X * I N S C ~ N U S E D ~ F A C M )  
D I M E N S I O N  XI(400)rY1(400)~X0~2000)~V~2OC)O) 

2 4 8  M B E G  = 1 . 
X M A X T  = XMAX 
X M I N T  = X M I N  

C  C H E C K  FOR E X T R A P O L A T I O N  A T  S M A L L  R. 
2 5 0  I F  ( X M I N  - X I ( 1 ) )  2 5 2 , 2 5 4 9 2 5 4  
2 5 2  XMAX = X I ( 1 )  

C A L L  M I N F I T  ( X I 9 Y I 9 N r X O 9 V r M 9 X H r . X M I N r X M A X 9 I N S C r F A C M )  
I F  ( I N S C )  7 1 2 , 2 5 3 9 7 1 2  

2 5 3  M T  = M  
X M I N  = X O ( M T )  + XH 
M B E G  = M  + 1 

C  P R E P A R E  T O  I N T E R P O L A T E .  
2 5 4  M  = 0 

XMAX = X M A X T  
N L  = N - 1  

2 5 6  I F  X M A X - X I ( N L ) ) 2 6 0 r 2 6 0 1 2 5 8  
2 5 8  XMAX = X I  ( ' N L )  
2 6 0  C A L L  N T R P S R ( X I I Y I ~ X O , V ~ X H ~ N ~ M ~ X M I N ~ . Y M A X ~ I N S C ~ M B E G ~ N U S E D )  

C  C H E C K  F O R  E X T R A P O L A T I O N  A T  L A R G E  R. 
I F  ( I N S C )  7 1 2 9 2 6 2 9 7 1 2  

2 6 2  I F  ( X M A X T - X M A X )  2 6 7 9 2 6 7 . 2 6 4  
2 6 4  M B E G  = M  + M B E G  

X M I N  = X O I M B E G - 1 )  + X H  
X M A X  = X M A X T  

2 6 6  CALL  MAXFIT ('XI IYI , N ~ X O , V ~ M , X H ~ X ~ I N ~ X M A X ~  I N S C ~ F A C M ~ M B E G )  
2 6 7  X M I N  = X M I N T  

M = M  + M B E G  - 1 
. 7 1 2  R E T U R N  

E N D  

P O T F T O O O  
P O T F T O O l  
P O T F T O O 2  
P O T F T 0 0 3  
P O T F T 0 0 4  
P O T F T O O 5  
P O T F T O O 6  
P O T F T 0 0 7  
P O T F T O O 8  
P O T F T 0 0 9  
P O T F T O l O  
P O T F T O l l  
P O T F T O l 2  
POT F T . 0 1 3  
P O T F T 0 1 4  
P O T F T O l 5  
P O T F T 0 1 6  
P O T F T O l 7  
P O T F T 0 1 8  
P O T F T O 1 9  
P O T F T O Z O  
P O T F T O 2 1  
P O T F T 0 2 7  
P O T F T 0 2 3  
P O T F T 0 2 4  
P O T F T 0 2 5  
P O T F T 0 2 6  
P O T F T 0 2 7  
P O T F T 0 2 8  
P O T F T 0 2 9  
P O T F T 0 3 0  
P O T F T 0 3 1  
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C M I N F I T  Y  = A / X * * 1 2 +  C M I N F T O O O  
S U B R O U T I N E  M I N F I T  ( X I Y I N I X O I V I M ~ X H I X M I N ~ X M A X I I N S C I F A C M )  M I  N F T O O l  
D I M E N S I O N  X  ( 4 0 0 ) ~ Y  ( 4 0 0 ) 1 X 0 ( 2 3 0 0 ) 1 V ( 2 0 0 0 )  M I N F T O O 2  
R 1 2 F U F I X )  = A / X * * l 2  + C  M I  N F T 0 0 3  
M  = X F I X F ( ( X M A X - X M I N ) / X H )  + 1 , M I  N F T 0 0 4  
A  = (Y(l)-Y(2))/(1./X(1)**12 - l . / X ( 2 ) * * 1 2 )  M I N F T O O S  
C  = Y ( 1 )  - A / X ( 1 ) * * 1 2  M I  N F T 0 0 6  

2 1 2  D O  2 1 4  I = 1 s M  M I  N F T 0 0 7  
X O ( 1 ,  = F L Q A T F ! I - l ! * X H  + X M I N  M I  N F T O O B  
V (I ) = R l Z F U F ( X O ( 1 )  M I  N F T O O Y  

2 1 4  C O N T I N U E  M I N F T O l O  
A  - A + F A C M * . 5 2 9 1 6 6 * * 1 2  . ' M I N F T O l l  
C  = C + F A C M  M I  N F T O l 2  
W R I T E O U T P U T T A P E ~ I ~ O ~ ( A ~ C  M I N F T 0 1 3  

101 F O R M A T  ( 7 0 H O  L E F T  E N D  O F  P O T E N T I A L  F U N C T I O N  I S  F O U N D  F R O M  Y = A / X * * l Y I N F T O 1 4  
L Z + C p  WHERE A = 1 P E 1 4 . 7 8  9H A N D  C = C 1 4 6 7  1 M I N F T 0 1 5  

R E T U R N  M I N F T 0 1 6  ' 
E N D  M I N F T 0 1 7  

C M A X F I  T  Y  = A / X * * B  M A X F T O n O  
S U B R O U T I N E  M A X F I T  ( X ~ Y I N I X O I V I M I X H I X M I N I X M A X I I N S C I F A C M I M B E G )  M A X F T O O l  

, D I M E N S I O N  X  ( 4 0 0 ) r Y  ( 4 0 0 ) ~ X 0 ( 2 0 0 0 ) 1 V ( 2 0 0 0 )  , M A X F T O O 2  
R 6 F U N F I X )  = A / X * * B  M A X F T 0 0 3  
L = N - 1  M A X F T O O 4  
B  = L O G F ( Y ( L ) / Y ( N ) ) / L O G F ( X ( N ) / X ( L ) )  M A X F T O O S  
A  = Y ( N )  * X ( N ) * * B  M A X F T 0 0 6  
M  = X F I X F ( ( X M A X - X M I N ) / X H )  + 1 , M A X F T 0 0 7  
M F I N  = M B E G  + M  - 1 M A X F T O O B  

2 0 2  D O  2 0 4  I = M B E G I M F I N  M A X F T O O 9  
X O ( I )  = F L O A T F I I - M B E G ) * X H  + X M I N  M A X F T O l O  
V I I )  a R 6 F U N F ( X O ( I ) )  M A X F T O l l  

2 0 4  C O N T I N U E  M A X F T O l 2  
A  = A * F A C M * . 5 2 9 1 6 6 * * B  M A X F T 0 1 3  
W R I T E O U T P U T T A P E ~ I ~ O ~ ~ A I B  M A X F T O 1 4  

2 . 0 6  F O R M A T  ( 6 8 H O  R I G H T  E N D  O F  P O T E N T I A L . F U N C T I 0 N .  I S  F O U N D  F R O M  Y = A / X * * M A X F T 0 1 5  
2 0 1  WHERE A  = E 1 4 . 7 9  9 H  A N D  B  = E 1 4 . 7 )  M A X F T 0 1 6  

R E T U R N  M A X F T 0 1 7  
E N D  M A X F T 0 1 8  



UCRL- 10925 
Table 111. (Contd.) 

CNTRPSR I - N T E R P O L A T I O N  PROGRAM ( B Y  S U C C E S S I V E  R A N G E S )  S I N G L E  P R E C *  NTRPSOOO 
C  N T R P S O O l  
C  THE METHOD O F  LAGRANGE I S  U S E D *  THE  I N P U T  P O I N T S  NEED NOT B E  NTRPSOOZ 
C  E Q U A L L Y  SPACED*  THERE ARE TWO MODES OF I N P U T  A V A I L A B L E *  T H E  N T R P S 0 0 3  
C  F I R S T  OCCURS WHEN M = 0. THE A B S C I S S A E  ARE THEN GENERATED FROM N T R P S 0 0 4  
C  X M I N * X M A X * A N D  X H *  A T  E X I T  M  = NO. OF P O I N T S  FOUND*  AND XO N T R P S 0 0 5  
C  C O N T A I N S  THE A B S C I S S A E *  M  WILL B E  CHECKED TO I N S U R E  THAT  THE NTRPSOO6 
C  D I M E N S I O N  I S  NOT EXCEEDED. MDIMM = THE D I M E N S I O N  OF THE XO, YO N T R P S 0 0 7  
C  ARRAYS*  THE SECOND MODE OCCURS WHEN M I S  P O S I T I V E *  THE M N T R P S 0 0 8  
C  A B S C I S S A E  ARE THEN ASSUMED TO HAVE BEEN GENERATED P R I O R  TO N T R P S 0 0 9  
C  E N T R Y .  THE S T A R T I N G  I N D E X  FUR 1'HE OUTPUT ARRAY MUST B E  N T R P S O l O  
C  S P E C I F I E D *  THE  F I R S T  P O I N T  FOUND W I L L  B E  AT  XO(MBEG) .  XH MUST N T R P S O l l  
C  B E  G I V E N  S I N C E  THE O R D I N A T E  FOR ANY P O I N T  CLOSEP THAN a O l + X H  TO N T R P S O l Z  
C  AN I N P U T  P O I N T  I S  TAKEN A S  THAT  FOR THE I N P U T  P O I N T *  -NUSED- I S  N T R P S 0 1 3  
C  THE NUMBER OF P O I N T S  USED FOR EACH I N T E R P O L A T E D  P O I N T *  *NUSED* N T R P S 0 1 4  
C  MUST B E  EVEN AND L E S S  THAN OR EQUAL  TO -N-• NUSED = 8  I S  N T R P S O l 5  
C SUGGESTED. ANY P O I N T  FARTHER THAN NUSED/Z  P O I N T S  FROM E I T H E R  E N D N T R P S 0 1 6  
C  I S  FOUND FROM THE N U S E D / 2  ON EACH S I D E *  NTRPSR W I L L  S C A L E  AND N T R P S 0 1 7  
C  R E S C A L E  I N  ORDER TO A V O I D  OVERFLOW. I F  THE F I R S T  S C A L I N G  DOES N T R P S 0 1 8  
C  NOT SUCCEED*  NTRPSR W I L L  TRY U P  TO 7  T I M E S  MORE BEFORE R E T U R N I N G  . N T R P S 0 1 9  
C  I N  THE  ERROR MODE* ( I N S C  = 1 )  . NTRPSOZO 
C  I N P U T  I S  X I I Y I I ( X O ) ~ X H I N I M I ( X M I N ) ~ ~ X M A X ) * M B E G * N U S E D ~  N T R P S O 2 1  
C  OUTPUT I S  ( X O ) t Y O * I N S C *  NTRPSOZZ  
C  I N S C  = 0  I F  PROGRAM WAS SUCCESSFUL*  I F  N O T *  I N S C  = 1. N T R P S 0 2 3  
C  Y  T R P S 0 2 4  

S U B R O U T I N E  N T R P S R ( X J * Y J * X O * Y O * X N * N * K * X N I N * X N A X ~ I N S C M B E G N U S E D  N T R P S 0 2 5  
D I M E N S I O N  X I ( ~ ~ ~ ) ~ Y I ~ ~ ~ ~ ) ~ X ~ ~ ~ ~ ~ ~ ) I Y O ~ ~ O C ) O ~ ~ X J ( ~ ~ ~ ~ ~ Y J ~ ~ O O ~ ~ N U M B ~ ~ N T R P S O ~ ~  

1 0 0 )  N T R P S O 2 7  
MDIMM = 2 0 0 0  NTRPSOZ8  
XMAX = XNAX N T R P S O 2 9  
X M I N  = X N I N  N T R P S 0 3 0  
XH = A B S F f X N I  N T R P S 0 3 1  
M = K  N T R P S 0 3 2  
I R E V  = 0 N T R P S 0 3 3  
I R E X  = 0  N T R P S 0 3 4  

C  M  I S  Z E R O *  I F  X H *  X M I N *  XMAX 'ARE TO B E  U S E D *  I F  M  I S  NOT = TO N T R P S O 3 5  
C  Z E R O *  THEN X O ( I ) t  I = 1 r M  W I L L  B E  USED AS A B S C I S S A .  N T R P S 0 3 6  

2 0 0  I F  ( M I  2 7 0 r 2 0 1 r 2 0 6  N T R P S O 3 7  
2 0 1  M  = X I N T F ( A B S F ( ( X M A X - X M I N ) / X H ) )  + 1 N T R P S 0 3 8  

C  I F  M  I S  MORE THAN D I M ' E N S I O N  O F  XOI RETURN I N  ERROR MODE. N T R P S 0 3 9  
I F  (M+MBEG-MDIMM-2) 2 0 2 ~ 2 7 2 r 2 7 2  NTRPSO4O 

2 0 2  MF = MBEG + M - 1 N T R P S O 4 1  
I F  (XMAX - X M I N )  2 0 3 ~ 2 0 4 t 2 0 4  N T R P S O 4 2  

2 0 3  X M I N  = XNAX N T R P S 0 4 3  
XMAX = X N I N  N T R P S 0 4 4  
I R E V  = 1 N T R P S 0 4 5  

2 0 4  DO 2 0 5  I = MBEGIMF N T R P S 0 4 6  
X O ( I I  = F L O A T F l T - M B E G )  * XH + X M I N  . N T R P S 0 4 7  

2 0 5  C O N T I N U E  N T R P S O 4 8  
2 0 6  DO 2 0 7  I .= 1 t N  N T R P S O 4 9  

X I ( 1 )  = X J ( I )  NTRPSO5O 
2 0 7  C O N T I N U E  N T R P S O 5 1  

MF = MBEG + M - 1 N T R P S O 5 2  
MSTA = MBEG N T R P S 0 5 3  
NUST = N U S E D / 2  N T R P S O 5 4  
N S  = NUST + 1 N T R P S O 5 5  
N F = N - N S + 1  N T R P S 0 5 6  
N F P  = N F  + 1 N T R P S 0 5 7  
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DO 2 0 8  I = NSINFP 
N U M B ( 1 )  = 0  

2 0 8  CONTINUE 
I F  I X O I M F )  - X O I M B E G ) )  2 0 9 , 2 1 1 r 2 1 1  

2 0 9  M2 = M / 2  
M2F = MBEG + M2 - 1 
DO 2 1 0  I = MBEGvM2F 
K  = MF + MBEG - I 
TEMP = X O ( 1 )  
X O ( 1 )  = X O ( Y )  
X O ( K )  = TEMP 

2 1 0  CONTINUE 
I R E V  = 1 

211 I F  I K I I N ) - R I ( ~ ) )  2 1 2 ~ 2 1 6 , 2 1 6  
212 PI2 - N / 2  

DO 2 1 4  I = 1 9 N 2  
K = N + l - I  
TEMP = X J ( I )  
TEMS = Y J  f I )  
X J ( I )  = X J 1 K )  
Y J ( I )  = Y J ( K )  
X J ( K )  = TEMP 
Y J ( K )  = TEMS 

2 1 4  CONTINUE 
I R E X  = 1 

2 1 6  I F  ( N F - N S )  2 3 6 r 2 1 8 , 2 1 8  
2 1 8  DO 2 2 6  J = MBEGIMF 

DO 2 2 4  I = NSINF 
2 2 0  IF(XO(J)-XJ(I))222r222~224 
2 2 2  N U M B ( 1 )  = N U M B ( 1 )  + 1 

GO TO 2 2 6  
7 7 4  CONT T NIIE 

NUMBINFP)  = NUMB(NFP)  + 1 
2 2 6  CONTINUE 

GO TO 2 3 8  
2 3 6  NUMB ( N F P )  = M  
2 3 8  M  = 0  
2 3 9  DO 2 5 0  L = NSINFP 

I F  ( N U M B ( L 1 )  2 5 0 , 2 5 0 , 2 4 2  
2 4 2  M  = N U M B ( L )  

NSTA = L  - NUST 
GO TO 1 0 0  

2 4 6  I F  I I N S C )  2 7 4 , 2 4 8 9 2 7 4  
2 4 8  MSTA = MSTA + M  
2 5 0  CONTINUE 
2 4 0  K  = MSTA - MBEG 

I F  ( I R E V )  2 5 6 , 2 5 6 , 2 5 2  
2 5 2  M2F = K / 2  + MBEG - 1 

DO 2 5 4  1  = MBEGeM2F 
J = MF + MBEG - I 
TEMP = X O I I )  
TEMS = Y O ( I )  
X O ( I )  = X O I J )  
Y O ( I )  = Y O ( J )  
X O ( J )  = TEMP 
Y O ( J )  TEMS 

2 5 4  CONTINUE 
2 5 6  I F  ( I R E X )  2 6 2 r 2 6 2 t 2 5 8  

NTRPS058  
NTRPSO59 
N T R P S 0 6 0  
NTRPSO61 
NTRPS062  
NTRPSO63 
N T R P S 0 6 4  
NTRPS065  
N T R P S 0 6 6  
NTRPS067  
NTRPS068  
NTRPS069  
N T R P S 0 7 0  
N T R P S 0 7 1  
NTRPSn72  
NTRPS073  
N T R P S 0 7 4  
NTRPS075  
NTRPS076  
N T R P S 0 7 7  
NTRPS078  
N  TRPS079  
N T R P S 0 8 0  
N T R P S O 8 l  
NTRPSO82 
NTRPS083  
NTRPS084  
NTRPSf l85 
NTRPS086  
N T R P S 0 8 7  
N  IKPSUMU 
rVTRPSO89 
N f R P S O 9 0  
N T R P S 0 9 1  
NTRPS092  
NTRPS093  
N T R P S 0 9 4  
NTRPSO95 
NTRPS096  
N T R P S 0 9 7  
NTRPS098  
NTRPS099  
NTRPSlOO 
N T R P S l O l  
N T R P S l O 2  
NTRPS103  
NTRPS104  
N T R P S l O 5  
N T R P S 1 0 6  
NTRPS107  
N T R P S l O 8  
N T R P S 1 0 9  
N T R P S l l O  
N T R P S l l l  
N T R P S l l Z  
NTRPS113  
NTRPS114  
N T R P S l l 5  
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2 5 8  DO 2 6 0  I = l t N 2  NTRPS116 
J = N + l - I  N T R P S l 1 7  
TEMP = X J ( I )  NTRPS118 
TEMS = Y J ( I )  NTRPS119 
X J ( 1 )  = X J ( J )  NTRPSl2O 
Y J ( I )  = Y J ( J )  N T R P S l 2 l  
X J ( J )  = TEMP NTRPS122 
Y J ( J )  = TEMS NTRPS123 

2 6 0  CONTINUE NTRPS124 
2 6 2  RETURN NTRPS125 
2 7 0  WRITEOUTPUTTAPE6t2101 NTRPS126 

2 1 0 1  FOKMAT (44HO ERROR I N  l N P u i  1U NTRPSR. M I S  NEGATIVE* ) NTRPS127 
INSC = 1 NTRPS128 
GO TO 2 4 0  N T R P S l 2 9  

2 7 2  H = ( X M A X - X M I N ) / F L O A T F ( M D I M M - M B E G )  NTRPS130 
WRITEOUTPUTTAPE692102rH NTRPS131 

2 1 0 2  FORMAT (58HO ERROR I N  INPUT TC NTRPSR. MINIMUM ALLOWABLE SPACING NTRPS132 
8  I S  1PE12.3) NTRPS133 

INSC = 1 NTRPS134 
GO TO 2 4 0  NTRPS 135. 

2 7 4  WRITEOUTPUTTAPE6t2103 tL  NTRPS136 
2 1 0 3  FORMAT (43HO I N T R l  WAS UNABLE TO INTERPOLATE I N  PANGE 1 3 )  NTRPS137 

GO TO 2 4 0  NTRPS138 
1 0 0  NCON = 1 NTRPS139 

REFA = 1.414214 NTRPSl4O 
N F I N  = NSTA + NIISEC, - 1 MTRPS141 
DO 9 8  I = N S T A t N F I N  NTRPS142 
X I ( I )  = X J ( I )  NTRPS143 
Y I ( I )  = Y J ( I )  NTRPS144 

9 8  CONTINUE J YTRPS145 
NSTA1 = NSTA + 1 YTRPS146 
XSCALE = ( X I ( N F 1 N )  - X I ( N S T A ) ) / l O .  NTRPS147 
I F  (XSCALE)  9 9 5 9 9 9 1 9 9 9 5  NTRPS148 

9 9 1  XSCALE = 1. NTRPS149 
9 9 5  YMAX = Y I ( N S T A )  N T R P S l 5 0  

YMIN = Y I  ( N S T A )  NTRPS151 
1 0 0 1  DO 1 0 0 2  I = N S T A l t N F I N  NTRPS152 

YMAX = M A X l F ( Y M A X t Y I ( 1 ) )  NTRPS153 
YMIN = M I N l F ( Y M I N t Y I ( 1 ) )  NTRPS154 

1 0 0 2  CONTINUE NTRPS155 
9 1  YSCALE = YMAX - YMIN NTRPS156 

I F  (YSCALE)  9 1 5 9 9 1 5 t 1 0 0 3  Y  TRPS157 
9 1 5  YSCALE = 1. NTRPS 1 5 8  

1 0 0 3  DO 1 0 0 4  I = N S T A t N F I N  NTRPS 1 5 9  
X I ( 1 )  = X I ( I ) / X S C A L E  - NTRPS160 
Y I ( I )  = ( Y I ( 1 ) - Y M I N ) / Y S C A L E  + e 5  NTRPS161 

1 0 0 4  CONTINUE NTRPS162 
XH = ABSF(XN) /XSCALE NTRPS163 
M F I N  = MSTA + M - 1 NTRPS164 
MTA = MSTA NTRPS165 

1 0 0 5  E P S I L  = .Ol*XH NTRPS166 
1 0 1  DO 1 1 0  I I =  Y T A t M F I N  NTRPS167 

X O ( I 1 )  = X O ( I I ) / X S C A L E  NTRPS168 
Y O ( I 1 )  = 0.0 NTRPS169 
PNUM = 1.0 N T R P S l 7 0  

1 0 1 1  DO 1 0 7  I = N S T A t N F I N  NTRPS171 
C F I N D  X O ( I 1 ) - X I ( I )  FOR NUMERATOR AND CHECK FOR NEARNESS* N T R P S l 7 2  

XNUM = X O ( I 1 )  - X I ( I )  NTRPS173 



Table 111. (Contd.) 

1 0 1 2  I F  (ABSF(XNUM 1 - E P S I L )  1 0 2 r 1 0 2 r 1 0 3  
1 0 2  Y O ( I 1 )  = Y I ( I )  

GO TO 1 0 9  
C PNUM = PRODUCT OF ALL XNUM 

1 0 3  PNUM = PNUMwXNUM 
C CONSTRUCT DENOMINATOR AND SUM 

PDEN = 1.0 
1 0 4  DO 1 0 6  J = NSTAINFIN 

1 0 4 3  I F  ( I - J l  1 0 5 1 1 0 6 r 1 0 5  
1 0 5  PDEN - ( X I ( I )  - X I ( J ) ) + P D E N  

1 0 5 1  I F  QUOTIENT OVERFLOW 1 1 0 3 r 1 0 6  
1 0 6  CONTINUE 

DEN = PDENrXNUM 
~ O t l l r  = YI(II/UEN + ~ ~ 1 1 1 )  
I F  ACCUMULATOR OVERFLOW l l 2 l r  1 0 7  

1 0 7  CONTINUE 
Y O ( I 1 )  = Y O ( I I I * P N U M  

1 0 9  Y O ( I 1 )  = ( Y O ( ! ! ) - o S ) * Y S C A L E  + YMIN 
X O ( I 1 )  = X O ( I 1 )  * XSCALE 

1 1 0  CONTINUE 
I N S C  = 0 
GO TO 2 4 6  

1 1 0 3  W R I T E O U T P U T T A P E ~ ~ ~ ~ O ~ ~ N C O N I X S C A L E  
WRITEOUTPUTTAPE6rllO8rIIrIrJ 

1 1 0 4  FORMAT ( 8 H  NCON = 1 3 9  l l H r  XSCALE = F10.7)  
1 1 0 8  FORMAT ( 2 6 H  OVERFLOW OCCURRED AT I I =  1414H I =  I 3 r 4 H  J =  1 3 )  

NCON = NCON + 1 
1 1 0 5  DO 1 1 0 6  I = N S T A t N F I N  

X I ( I )  = X I ( I I / R E F A  
1 1 0 6  CONTINUE 

X O ( I 1 )  = X O ( I 1 )  * XSCALE 
MTA = T I  
XH = XH /REFA 
XSCALE = XSCALE*REFA 
I F  (NCON-8) l Q 0 5 t 1 0 0 5 t 1 1 0 7  

1 1 0 7  INSC = 1 
GO TO 2 4 6  

1 1 2 1  W R I T E O U T P U T T A P E 6 t l l 2 2  
1 1 2 2  FORMAT (48HO ACCUMULATOR OVERFLOW. DEN MUST BE TOO SMALL. 1 

I N S C  = 1 
GO TO 2 4 6  
FREQUENCY 1051~lr9)r1001(50)rl003~50)r101~500)rlOll~5O~r 

1 1012~0r0r111104~50)r1043~lr011) 
END 
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C S I MP 
c . INTEGRATION OF. 'A' PRODUCT S+SS BY SIMPSONS RUL'E. . 

SUBROUTINE S I M P ( S r S S r N t H t R E S U L T )  , 

DI'MENS I O N  S ( 2 0 0 0  1 r SS ( ' 2000 ' )  . . . . 

SUM = 0.0 
DO 1 J = 2 r N t 2  

1 SUM = SUM + Z . O * S [ J ) * S S ( J )  + 4 . 0 * S ( J - l ) * S S ( J - l )  . 
. . RESUL.T = SUM*H/3.O 

RETURN . . 
END 

C T I M E  T I M E  0 0 0  
C DISCARD T H I S  SUBROUTINE IF YOUR 7 0 9 / 7 0 9 0 / 7 0 9 4  I N S T A L L A T I O N '  H A S '  T I M E  0 0 1  
C AN ON-LINE CLOCK ADDRESSABLE BY C A L L  T I M E ( X ' )  T I M E  0 0 2  

SUBROUTINE T I M E ( X )  T I M E  0 0 3  
1 X = 0.0 T I M E  0 0 4  

RETURN . T I M E  0 0 5  
END T I M E  0 0 6  

CPOTGEN T H I S  I S  A DUMMY SUBROUTINE POTGN000 ' 
C POTGEN GENERATES THE POTENTIAL.  POTGNOOl 

SUBROUTINE P O T G E N ~ I P O T G N ~ D E t N D E ~ R A t I I E N t R E I E T R I A L ~ K V r N L r I I E N l r  POTGNOO2 
Z N E T r W E t Z M U r X M A X t X M I N r X k i r F A C H r X O * V r M )  POTGN003 

1 IPOTGN = i 0  . POTGNO04 
RETURN POTGNOOS 
END POTGN006 
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CSCHRV P R I N T S  EVERY - 1 P S I Q - T H  P O I N T  O F  THE WAVE FUNCTIONS.  SCHRVOOO 
C R A D I A L  S O L U T I O N  TO SCHRODINGER E Q U A T I O N  SLJRROUTINE SCHRVOOl  

F U N C T I O N  SCHR ( N I r N S r M A X I T t E P S r I P S I Q r V r P * S r N r R M I N r R M A X r K V r E O * F A C M ) S C H R V O O 2  
D I M E N S I O N  V ( 2 0 0 0 r 2 ) t S ( 2 ' 0 0 C ~ ) r P ( 2 O O O )  r Y ( 3 )  S C H R V 0 0 3  

C U S E  U N I T S  SUCH THAT SCHR E 3 N  I S - P S I 2  + ( E - V I P 5 1  = 0  S C H R V 0 0 4  
C ' N I = l r  P R I N T  I T E R 4 T I O N S  SCHRV005  
C N I = O T H E R W I S F *  DONT P R I N T  S C H R V 0 0 6  
C N S = l r  P R I N T  S O L U T I O N S  W I T H  EACH ENERGY L E V E L  . S C H R V 0 0 7  
C N S = 3 3 r  P R I N T  ENERGY L E V E L S  O N L Y  SCHRVOOB 
C N S = O T H E R W I S E r  DONT P R I N T  SCHRV009  

I F ( N 1 - 1 ) 6 , 4 , 6  SCHRVOlO  
4  ' E P R I N  = €O*F4CM S C H R V O l l  

W R I T E O U T P U T T A P E 6 r 5 r K V r E P R I h l  SCHRVO12 
5  FORMAT ( 4 7 H l S C H R -  S O L U T I O N  QF R A D I A L  SCHR* E Q U A T I O N  FOR V= 1 3 9  5 X  SCHRV013  

Z 7 M E T R I A L z  1PE15-7. 9 H  I ! / C M )  ) SCHRVO14 
W R I T E O U T P U T T A P E 6 t 3  S C H R V O ~ ~  

3  F O R M A T ( 7 0 H O  I T E R  E F ( E )  D F ( E i  SCHRVOlC, 
X  D ( E )  1 S C H R V 0 1 7  

6  C A L L  E F M T ( K )  SCHRV018  
H = ( R M A X - R M I N ) / F L 0 4 T F ( N - 1 )  S C H R V 0 1 9  
H Z = H * * ~  S C H R V O Z O  

8 H V = H 2 / 1 2 .  S C H R V O Z l  
E=EO SCHRV022  
TEST  = -1. S C H R V 0 2 3  
DE=O. S C H R V 0 2 4  

C SCHRV025  
C S T A R T  I T E R  LOOP S C H R V 0 2 6  
C . . 

S C H R V 0 2 7  
1 2  DO 1 7 1  , I T = l r M A X I T  S C H R V n 2 8  

C . .  ... .START INWARD I N T E G R A T I O N .  SCHRVO29 
3 0  P ( N  = 1  .E-30  ' S C H R V 0 3 0  
3 2  C N = V ( N ) - E  S C H R V O ~  i 
3 4  G I = V ( N - 1 ) - E  S C H R V 0 3 2  

C .*...TEST I F  E TOO H I G H  SCI.IRV033 
I F ( G 1 )  3 5 r  3 6 ,  3 6  S C H R V 0 3 4  

3 5  W R I T E O U T P U T T A P E 6 r R 9 9  S C H R V 0 3 5  
8 9 9  F O R M A T ( 5 O H  D I F F E R E N C E  E Q U A T I O N  S O L U T I O N  T E C H N I Q U E  F A I L S  S C H R V 0 3 6  

SCHR = 2. S C H R V 0 3 7  
GO TO 2 5 0  SCHRV038  

3 6  P ( N - l ) = P ( N ) * E X P F ( R M A X + S Q R T F ( G N ) - ( R M A X - H ) * S Q R T F ( G I ) )  S C H R V 0 3 9  
3 8  Y = ( l . - H V * G N ) * P ( N )  SCHRVO4O 
4 0  Y ( 2 ) = ( 1 . - H V * G I ) * P ( N - 1 )  S C H R V 0 4 1  

C . . a  I N T E G R A T E  SCHR'V042 
K=O SCHRV043  

4 4  M=N-2  S C H R V 0 4 4  
4 6  Y(3)=Y(2)+((Y(2)-Y)+H2*GI*P(M+l;) SCHRV045  
4 8  G I = V ( M ) - E  S C H R V 0 4 6  
5 0  P ( M ) = Y ( 3 ) / ( 1 . - H V * G I )  S C H R V 0 4 7  

C .....TEST FOR OVERFLOW S C H R V 0 4 8  
5 2  I F ( K ) 5 4 , 7 0 r 5 4  S C H R V 0 4 9  

C . .OVERFLOW 
: ; .  . . .' SCHRV050 '  5 4  K=O , .  , 

. . . .  ~ 
. . . . S C H R V O 5 l  

M % = M + ~  S C H R V 0 5 2  
,PM=P ( M I )  SCHRV053  

5 5  DO 5 6  J = M l r N  SCHRVO54 
5 6 .  P ( J ) = P ( J ) / P M  . SCHRV055  
5 8  Y = Y / P M  S C H R V 0 5 6  
6 0  Y ( Z ) = Y ( Z ) / P M  S C H R V 0 5 7  
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Y ( 3 ) = Y ( 3 ) / P M  
G I =  V ( M + l )  - E 
GO TO 4 6  
e e e e e T E S T  FOR C R O S S I N G ' P T .  
IF(ABSF(P(M))-ABSF(P(M+l)) 9 0 9  9 0 9  7 2  
I F ( M - 2  9 0 r 9 0 r 8 1 ,  

. . Y= Y ( 2 )  . , . 

Y ( 2 ) = Y 1 3 )  
M=M-1 
GO TO 4 6  

PM=P ( M  ) 
MSAVE = M 
Y I N = Y ( Z ) / P M  
DO 9 6  J=M,N 
P ( J ) = P ( J ) / P M  

. e e e e S T A R T  OUTWARD I N T E G R A T I O N  

P ( l ) = l e E - 2 0  
Y=O. 
G I = V - E  
Y ( 2 ) = ( 1 e - H V * G I ) * P  
K = O  
DO 1 3 2  I = 2 9 M  
Yi3)=Y(2)+((Y(2)-Y)+H2*GI*p(I-l)) 
G I = V (  1 ) - E  
P ( I ) = Y ( 3 ) / ( 1 e - H V * G I )  
e e e e e f E S T  FOR OVERFLOW 
I F ( K ) 1 1 8 t l 3 0 t l l 8  
K=O 
I l = I - 1  
PM=P ( I 1  
DO 1 2 0  J = l r I l  
P ( J ) = P ( J ) / P M  
Y = Y / P M  
Y ( 2 ) = Y ( 2 ) / P M  
Y ( 3 ) = Y ( 3 ) / P M  
G I = V ( I l ) - E  
GO TO 110 

Y = Y ( 2 )  
Y ( 2 ) = Y ( 3 )  

e .e * .F IN ISHED OUTWARD INTEGRATION 
PM=P ( M  
I F ( P M ) 1 3 5 9 1 4 9 9 1 3 5  
YOUT=Y/PM . . 
YM=Y ( 3  /PM 
DO 1 4 0  J = l r M  
P ( J ) = P ( J ) / P M  

. . 
SCHRVO58 
SCHRVO59 

. S C H R V 0 6 0  
S C H R V 0 6 1  
S C H R V 0 6 2  
S C H R V 0 6 3  

. . S C H R V 0 6 4  ' 

' S C H R V 0 6 5  
S C H R V 0 6 6  
S C H R V 0 6 7  

. S C H R V 0 6 8  
SCHRVB69  
S C H R V 0 7 0  . 
SCHRVO71  
SCHRVO72 
S C H R V 0 7 3  
S C H R V 0 7 4  
SCHRVO75 
S C H R V 0 7 6  
S C H R V O ~ ~ '  
S C H R V 0 7 8  
SCHRVO79 
SCHRVOBO 
SCHRVO81  
SCHRVO82 
SCHRVO83 
S C H R V 0 8 4  
SCHRVO85 
SCHRVO86 
SCHRVO87 
SCHRVO88 
S C H R V 0 8 9  
S C H R V 0 9 0  
S C H R V 0 9 1  
SCHRVO92 
S C H R V 0 9 3  
S C H R V 0 9 4  
SCHRVO95 
S C H R V 0 9 6  
SCHRVO97 
SCHRVO98 
S C H R V 0 9 9  
SCHRV lOO 
S C H R V l O l  
SCHRV 1 0 2  
S C H R V 1 0 3  
S C H R V 1 0 4  
S C H R V l O 5  
S C H R V l O 6  
S C H R V 1 0 7  
S C H R V l O 8  
S C H R V l O 9  
S C H R V l l O  
SCHRV 11 1 
S C H R V l l 2  
SCHRV 11 3 
S C H R V 1 1 4  
S C H R V l l 5  
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. . .  

' . DOLD=DE S C H R V l l 6  
I F ( K ) 1 4 9 r 1 5 0 r 1 4 9  SCHRV 1 1 7  

1 4 9 '  F = 9 * 9 9 9 9 9 9 E + 2 9  SCHRV118 
DF=-F SCHRV119 
DE=ABSF(eOOOl*E)  SCHRVl2O 
GO TO 1 5 2  S C H R V l 2 l  

. ' 1 5 0  DE=-F/DF SCHRV122 . 
' 152  I F ( N 1 - 1 ) 1 6 4 r 1 6 2 r l . 6 4  SCHRV123 

' 1 5 6  FORMAT ( 1HO 14; 2 x 9  l P 4 € 1 6 * 7 r 5 X r 2 9 H  THE CROSSING PTe OCCURS ASCHRVl24 
1T  1 4 )  SCHRV125 

1 6 2  E P R I N  = E*FACM SCHRV 1 2 6  
. . DEPRI  N  = DE*FACM SCHRV127 

WRITEOUTPUTTAPE6rl56*ITrEPRINrFrDFrDEPRIN*MSAVE SCHRV128 
1 6 4  EOLD = E SCHRV129 

' E=E+DE SCIIRV130 
1 6 6  T E S T = M A X l F ( A B S F ( D O L D ) - A B S F ( D E ) r T E S T I  SCHRV131 

, 1 6 8  I F ( T E S T ) 1 7 1 r 1 7 0 r 1 7 0  SCHRV132 
, 1 7 0  I F (  ABSF( E-EOLD) - A B S F ( E P S ) )  1 7 2 9 1 7 2 r 1 7 1  SCHRV133 

, 1 7 1  CONTINUE SCHRV134 
SCHR=l  l SCHRV135 
GO TO 1 7 3  . SCHRV136 

' C  ooeooCONVERGED-COUNT NODES SCHRV137 
1 7 2  SCHR=Oo . . . SCHRV 1 3 8  
1 7 3  KV=O SCHRV139 

NL=N-2 SCHRV140 
1 7 4  DO 1 9 2  J = 3 9 N L  SCWRVl4 l  
1.76 I F I P ( J )  ) 1 7 8 r 1 7 7 9 1 7 7  SCHRV142 
1 7 7  I F ( P ( J - l ) ) 1 8 0 r 1 9 2 , 1 9 2  SCHRV 1 4 3  

17.8. I F ( P ( J - l ) ) 1 9 2 r 2 7 0 r 1 8 4  SCHRV 1 4 4  
C . , POSe NODE SCHRV145 

1 8 0  I F ( P ( J + 1 ) ) 1 9 2 r 1 8 ' 2 r 1 8 2  : SCHRV146 
' 1 8 2  I F ( P ( J - 2 ) ) 1 9 0 r 1 9 2 r 1 9 2  SCHRV147 

C , NEC. NClCIE SCHRVl48 
1 8 4  I F ( P ( J + 1 ) ) 1 8 6 r 1 9 2 r 1 9 2  SCHRV149 
1 8 6  I F ( P ( J - 2 ) ) 1 9 2 r 1 9 0 r 1 9 0  SCHRV15O 

f FALSE NODE DUE TO UNDERFLOW SCHRV151 
2 7 0  I F ( P ( J + 1 1 ) 2 8 0 t 1 9 2 t 1 9 2  SCHKV 152 
2 8 0  I F ( P ( J - 2 ) ) 1 9 2 r 1 9 2 r 1 9 0  SCHRV153 

1'90 ' K V = K V + l  SCHRV154 
1 9 2  CONTINUE . SCHRV155 

c eoooeNORMALIZE SCHRV156 
200..  SN=SQRTF(-H*DF SCHRV157 
2 0 2  DO 2 0 4  J = l , N  . .. SCHRVl58 
2 0 4  S ( J ) = P ( J ) / S N  SCHRV159 

. C  o o  l l *PRINT SOLUTION SCHRV160 
2 0 8  E  = E*FACM SCHRV161 

' I F ( N S - l ) 2 3 6 r 2 1 O r 2 3 6  SCHRV162 
' 2 1 0  I P S I A  = I P S I Q  * 3 0 0  SCHRV163 

I P S I B  = I P S I Q  * 4 9  SCHRV164 
I P S I C  = I P S I Q  * 2 5 0  SCHRV165 
I P S l D  = I P S I Q  * 5 0  SCHRVl66  
DO 2 3 4  J F = l r N r I P S I A  SCHRV167 

2 1 4  FORMAT(47HlSCHR- SOLUTION OF RADIAL SCHRo EQUATION FOR V= 1 3 r  7H. SCHRVl68  
X  E= l P E 1 5 - 7  /2OHO I S ( I )  5 ( 2 0 H  I S ( I )  )SCHRV169 

2 1 8  W R I T E O U T P U T T A P E 6 t 2 1 4 , K V I E  SCHRV170 
, 2 2 0  J L = X M I N O F ( J F + I P S I B r N )  . . .  , % .  . SCHRV171 

2 2 2  DO 2 3 4  J = J F r J L r I P S I Q  SCHRV172 
2 2 4  I L = X M I N O F f J + I P S I C r N )  SCHRV173 



U C R L - ' 1 0 8 2 5  
Table 111. (Contd.) 

2 2 8  F O R M A T ( 6 ( 1 5 r l P E 1 5 . 7 ) )  SCHRV174 
2 3 2  W R I T E O U T P U T T A P E 6 r 2 2 8 ~ ~ I ~ S ~ I ) ~ I = J * I L ~ I P S I D )  SCHRV175 
2 3 4  CONTINUE SCHRV 1 7 6  
2 3 6  EO=E SCHRV177 

I F ( N S - 3 3 )  8 7 4 t 8 7 5 r 8 7 4  SCHRV178 
8 7 5  W R I T E O U T P U T T A P E 6 r 8 7 6 ( K V t E  SCHRV 1 7 9  

8 7 6  FORMAT150HO SOLUTION OF RADIAL SCHRODINGER EQUATION FOR V = 1 3 9  SCHRVl8O 
1 7H E = l P E 1 5 . 7  S C H R V l 8 l  

8 7 4  CONTINUE SCHRV182 
2 5 0  RETURN SCHRV 1 A ?  

FREQUENCY 5 2 ~ 0 ~ 1 ~ 0 ) t 7 0 ( 0 ~ 0 ~ 1 ) r 7 2 ~ 0 ~ 0 ~ 1 ~ ~ 9 4 ~ 1 0 0 ) r 5 5 ~ 5 0 ~ ~ 1 0 8 ~ 1 0 0 ~ ~ 1 1 S C H R V 1 8 4  
1 6 ~ 0 t l r O ) r 1 3 8 ~ 1 0 0 ) r l 4 4 ~ 2 0 0 ) ~ 1 5 2 ( 1 * 0 ~ 0 ~ ~  2 0 2  ( 2 0 0  SCHRV185 

END SCHRV186 
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COUNT 8 0  EFMT 0 0 0  
L B L  E F M T  E F M T  0 0 1  
REM N U  E F M s E F M  AND L F M  FOR F O R T R A N  2 EFMT 0 0 2  
REM EFMT 0 0 3  
E N T R Y  EFM EFMT 0 0 4  
E N T R Y  EFMT EFMT 0 0 5  

L F M  OCT 4 7 6 0 0 0 0 0 0 0 0 4  E F M T  0 0 6  , 

T T R  1 9 4  EFMT 0 0 7  
E F M T  C L A  1 9 4  EFMT 0 0 8  

' S T A  . S E T N + l  E F M T  0 0 9  
T I  A T T R  EFMT 0 1 0  
T X I  E F M + l r 4 t - 1  . EFMT 0 1 1  

E F M  C L A  HPR EFMT 0 1 2  
S T 0  OVER+2 EFMT 0 1 3  
OCT 4 7 6 0 0 0 0 0 0 0 0 2  EFMT 0 1 4  

S E T  C L A  X EFMT 0 1 5  
S T 0  8 EFMT 01.6 
T I ' H  1 9 4  EFMT 0 1 7  

X T T R  A N A L Y  EFMT 0 1 8  

A N A L Y  S X D  S A V E X e l  , EFMT 0 1 9  
L X D  0 9 1  

- E F M T  0 2 0  

T f R  * + I 4 9 1  EFMT 0 2 1  
T T R  MQO MQ OVER E F M T  0 2 2  

S A V E X  P Z E  S A V E  XA I N  D E C e t T H E N  ACC. EFMT 0 2 3  
T T R  ACMQ 11 E F M T  0 2 4  
T T R  AC 10 E F M T  0 2 5  
T T R  MQ 9 E F M T  0 2 6  

ZERO P Z E  EFMT 0 2 7  
T T R  ACMQO AC AND Mb OVER E F M ' I  OZB 
T T R  ACO EFMT 0 2 3  

A C C L A  ZERO EFMT 0 3 0  
T T R  R E T R N  EFMT 0 3 1  

ACMQ C L A  ZERO 3 EFMT 0 3 2  
T T R  MO EFMT 0 3 3  

M Q L D Q  ZERO 1 s  MQ UNDER EFMT 0 3 4  
R E T R N  L X D  SAVEX 11 EFMT 0 3 5  

S T 0  SAVEX EFMT 0 3 6  
C L A  0 E F M T  0 3 7  
S t A  * + 2  EFMT 0 3 8  
C L A  S A V E X  E F M T  039 
T T R  ** EFMT 0 4 0  

ACMQO ORA MAX EFMT 0 4 1  
MQO S T 0  S A V E A  E F M T  0 4 2  

L L S  0 EFMT 0 4 3  
L D Q  MAX EFMT 044 
L R S  0 EFMT 0 4 5  
T T R  O V E R + l  EFMT 0 4 6  

ACO ORA MAX E F M T  0 4 7  
OVER S T 0  S A V E A  EFMT 0 4 8  

C L A  0 EFMT 0 4 9  
H P R  6 3  EFMT 0 5 0  
C L A  S A V E A  EFMT 0 5 1  
T T R  R E T R N  EFMT 0 5 2  

S A V E A  P Z E  EFMT 0 5 3  
THREE. 'PZE 0 9 0 9 3  EFMT 0 5 4  
T T R  T T R  S E T N  EFMT 0 5 5  
H P R  H P R  63 EFMT 0 5 6  
S E T N  ANA THREE EFMT 0 5 7  

S T 0  - EFMT 0 5 8  

T T R  OVER+3 EFMT 0 5 9  
MAX OCT 3 7 7 7 7 7 7 7 7 7 7 7  EFMT 0 6 0  

E N D  EFMT 0 6 1  

T T R  A N A L Y  

P A U S E  OVERFLOW 
P R E S S  S T A R T  TO C O N T I N U E  



"CRL- 10926 
Table IV. Sample da ta  deck fo r  re la t ive- intensi ty  p rogram.  

* DATA ' 

1 
1 S I L I C O N  N I T R I D E  I N T E N S I T Y  D I S T R I B U T I O N  TEST PROGRAM 

2 9.33526 
2 2 25 (2F10.O) 

1.3613170 12376.760 
1.3686189 11369.400 
1.3764643 10348.920 
1.3849046 9315.320 
1 r 3 9 4 1 1 2 1  8268.600 
1.4041987 7208.760 
1.4154399 6135.800 
1.4281304 5049.720 
1.4428560 3950.520 
1.4605683 2838.200 . 
1.4834289 1712.760 
1.5188710 574.200 
1.5718000 0. 
1.6311431 574.200 . 
1.6788244 1712.760 
1.7140474 2838.200 
1.7442476 3950.520 
1.7715936 5049.720 
1.7970281 6135.800 
1.8211572 7200.760 
1.8442578 8268.600 
1.8666328 9315.320 
1.8883695 10348.920 

, 1 0 9 0 9 6 7 5 3  11369.400 
1.9305798 12376.760 

1 50488.0 
1.100 2.100 0.001 2 

10 2 1 (8x12 tF10.0)  
0 574.200 
1 1712.760 
2 2838.200 
3 3950.520 
4 5049.720 
5 6135.800 
,6 7208.760 
7 8268.600 
8 9315.320 
9 10348.920 

2 2 25 (2F10 .0)  
1.3841050 10068.404 
1.3882994 9287.577 
1.3935768 8499.421 
1.3999376 7699.832 
1.4074129 6885.047 
1.4160805 6051.643 
1.4261043 5196.535 
1.4377249 4316.981 
1.4514711 3410.577 
1.4682963 2475.260 
1.4903674 1509.307 
1.5254273 511.333 
1.5800000 0. 
1.6445856 511.333 



Table IV. (Contd.1 



APPENDIX: COMPUTER OUTPUT O F  SAMPLE DATA DECKS 

Table. V shows the computer output when the sample' data deck, giveri.in 
Table I1 i s  run with the RKR program compiled f r o m T a b l e ' I ;  Table VI shows 
the computer output. when the sample data deck given in Table IV i s  run. with 
the relative -intensity p rogram compiled f r o m  Table 111; 



Table V. RKR program output. 

RKH PRCCEOWRF A F P L l E C  TC T t L  X S T A T E  C F  S I - I C C N  t 4 I T R I D E  T E S T  PRCGRAP 
MOCEOLLAR C C W S T A h l S  P P E  T A K E h  F K C V  J E N K I N S  4NC CE L A S Z L f l  

T H E  RECCCBC P A S S  CJ T k C  T h C  ATOMS, e A S E C  CN 0 1 6 = 1 6 ,  1 S  9 . 3 3 5 2 6 0  

T U R h l N O  F C I ' N T S  ARE, GENEHATEC BY CCNSTANTS 

THE G l V !  CbHvE! CS CEr4SlRUCTEC. FRGM T H E  F O L L O W I N G  I N P U T  DATA. 

W E  3 1 1 5 1 . 6 2 i C +  h E X F  = 6 .56CC;  WEYE =. t kEZE =. , METE =. 
T U R N l N G  PCENTS P 3 E  GEKERATEC B Y  CCNSTANTS 

THE B P l V )  CURVE I S  CCYSTRCCTEC FROM T h E  F O L L O U I N S  I N P U T  D 4 T A .  

t E P S L N E  =-0.. 

RKR P R C E E O V R E . A P P L I E C  TI :  TEE X S T A T E  OF S I . L I C O N  %ITF. IOE.  T E S T  PROGRAM 
MOLEOUUA2 C C N S T P X I S  AYE T A K E k  FfiCV J E % K I N S  AND OE LA:Z.Lfl 

,. TEE G L V I  V 4 L U B S  USEC OELCki AHE 
V G V  . G  V 

TI!@ B V ( V 1  V A L O E S  USEC EELCW ARE 
V B V \I B V V R V  V BV 

OUTACT V;G- -LFVELS AT h H l C H  T U R N I N G  P S I N T S  ARE F0U.N) 
V C V  G  Y G  V G  



f C R  V 3 0.5CC, G = 574.2C0 l /CM, RMIN = 1.5188710 AND RMAX = 1.6311431 ANGSTROMS. THIS F.EQUIRED 0. SECONDS. 
A L S C ;  ev = 0.7281bso 
THE KLEIN  ACTION INTEGRALS F ANC G ARE EQU4L TO 0.56136035E-01 0.22658374E-C' l  

P@R V * f.5GCI G 2 1712.76C ?/CM, RV lN  = 1.4834289 AN0 RMAX = 1.6788244 ANGSTROMS. THIS REQUIRED 0. SECONDS. 
A L S C ;  e v  = 0.7224950 
THE KLEI&  ACr lCN IkTEGHALS F AYO G AXE EQUPL TO 0.97697736E-01 0.39229474E-01 

' F G R  V 3 2:50C; C = ZR38.2CC l/Cl.l, RKIF! = 1.4.605683 AN0 RMAX = 1.7140474 ANGSTROMS. THIS REQUIRED 0. SECONDS. 
b t s c ;  ev = o .716szso 
THE KLEIN ACTICN IhTEGRALS F AN0 G ARE EQUAL T?:. 0.12673954E-00 0.50625280E-01 

P E R  V 3.5COi 2 = 3'350.520 l/Ct4, RMIN = 1.4428560 AND R M A X  = 1.7442476 ANGSTROMS. THIS REQUIRED 0. SECONDS. 
ALSC,. l2V = 0.7111550 
THE KLEIirl ACTtOhj 1F:TEGI:ALS F AND G ARE ECUAL TG 0.15069580E-00 0.59878376E-0i1 

P O R  V 3 4;50C; G * S(349.720 1/CM, RVIN = 1.4281304 ANC RMAX = 1.7715936 ANGSTROMS. THIS R f Q U I R E l  0. SECONDS. 
PLSC;  e v  = 0 . 7 0 5 4 ~ 5 0  
THE .KLEIN ACTICN INTEGRALS F AND G A R E  EQUAL TO 0.171731SAE-00 0.67876304E-01 

P C R  V * 5;5CCi C 2 6135.8CO 1/C!4, RWIN = 
. AtSC, B V .  = 0.6998150 

TPE KLEIN ACTION INTEGRALS 

FER V = 6 .500+ G = 7208.760 l/Ct!, RMIN = 
, a t s c I  e v  = 0.6941450 

THE KLEIN ACTICN INTEGRALS 

1.4154399 AN0 RRAX = 1.7970281 ANGSrHOblS. THIS REQUIRED 0. SECONDS. 

.F AH0 G ARE EQUAL TO 0 . 1 9 0 7 9 4 1 2 ~ - 0 0  0.75009913E-OL' ' . ' 

1.4041987 AND RMAX = .  1.821 1572 ANGSTROMS. THIS REQUIRED "0. SECONDS. 

F PND G ARE EQUAL TC 0.20847923E-00 0.81524249E-01 ' 

1 .5941121 AND RMAX = 1.8442578 ANGSTROMS. THI'S REQUIRED 0. SECONDS. 

F Abln G ARE EQUAL TG 0 . 2 2 5 0 7 2 8 3 ~ - 6 0  0.87539440E-OE , 

. . 

F O R  V 8:5CO+ G s 9315.320 l /CM1 Rt<IN = 1.3849C45 ANC RMAX-= 1.3666328 ANGSTROMS. THIS REQUIRED. 0. SECONDS. 
dCSCi 8V = 0.6828050 
THE KLEIF! PCT1t.W INTEGRALS F AND G ARE EQUAL TE 0.24086412E-09 0.93173706E-0L c 

C, 
0. T - .  

f iGR V a 9;500; C = lC348.920 L/CM, RVIN = 1.3764643 AND RMAX = 1.8883695 ANGSTROMS. THIS RKlUIRED 0. SECONDS.. 
. . ACSC.; ev = 0.6771350 . . 9 

'THE KLEIN ACT.ION INTEGRALS F AN0 G ARE EQUAL TC 0.255952576-00 0.98470822E-01 N 
yl 



Table i J [ .  ~ e l a t i v e - i n t e n s i t y  program outplit. 

S I L I C I : L !  N I  r K ! D E  I l < i ' F \ , S I T Y  ~ I S T ! < I H I J T I P ~ !  T E S T  P K I l G X A M  

T H E  I Ik l7UT.EI I  M A 5 S  I I F  THE T Y [ I  A r 0 1 : S ,  HsISE')  CI':! 0 1 6 = 1 6 t  I S  9 . 3 3 5 2 6 0  

T H E  I N P U T  P ! l T c N T l ~ i L  P ~ ~ l V T S ,  K 1 "  !i;:.GjT. P'JP E I I E I I G Y  I ? :  1;Cb! , A R F  G I V E N  h E L n . 2 .  

T H E  T K I A L  Eh!FRGY L E V E L S  I L 4  L/C.FI WF. GI 'JcPI  UFLO'I I .  

L E V E L  F:JERGY L F V E L  tNER<Y L F V E L  F N F R 6 Y  L E V E L  E!+EilG'{ L E V E L  E N E R G Y  

0  5 . 7 4 1 9 9 9 0 E  02  1 1 . 7 i 2 7 h c f l ~  0 1  2 2 . H 3 B 2 0 0 0 E  3 3  3 1 . 9 5 0 5 2 0 O E  C 3  4  . 5 . 0 ~ 1 7 2 0 C : E  0 3  
5  6 . 1 3 5 8 C 0 0 ! i O 3  h 7 . 2 0 8 7 6 C 2 C 0 3  7 9 . 2 6 P . 6 0 0 0 E  33  t? 9 . 3 1 5 3 1 9 9 5 C 1  9  1 . 0 3 4 8 9 2 C ~ E 0 4  

T H E  I N P l j T  P 9 T E N i I A L  l'n!!JTS, W  1" f r " ! G S T .  .hVr) EhlCKT,Y 1 %  i / C ' I  t A R F  G I V E N  RELOki .  

O I S S C C I A T I V N  EEiC:tGY I N  SAME ( l > l I T S  A S  .%ROVE I S -  , 0 . 1 5 8 7 1 Y 7 9 E  05 

R M I t :  = 1 . 1 0 0 0 0 0 0 ,  R> lAX = :!. 1 0 0 0 3 6 0 ,  S P 4 C I h l 5  = 0 . 0 0 1 0 0 0 0 ,  A L L  I P I  A'JGSI.  

T H E  T W I A L  T.hIF.1CY L C \ ' F L S  I U  l / C M  A R E  C I V E L I  B E L n W .  

L E V E L  E V E K C Y  L E V E L  E Y E R G Y  L E V E L  E N E 4 G Y  L F V E L  E V F R G Y  L E V E L  E N E R G Y  

n 5 . 1 1 ? . 1 2 9 9 ~  0% 1 1 . 5 0 * 3 3 0 7 f i ~  0 3  2 2 . 4 7 5 2 6 0 9 ~  0 3  3 3 . 4 1 0 5 7 7 0 ~  0 3  

COMVFRGF'JCF. ' . K I T E R I f l Y  I S  E S K O X  L E S S  TI1AC 1 . 0 0 5 - 0 3  L i C I "  



Tab le  m. (Car-td.) 

SILICON F!I lRICE IPITF~JSITY nlSTKIHUTln!~J . TEST PHOGKAf4 

LEFT END OF PllTF.\ITIAL FUF!CTlI?:J I S  FGUVII FCOH Y=A/Xo*lZ+C, XHFKE A = 6.5624240E 05 AND C = -5.4312680E 3 4  

RIGHT EN11 (1F POTFNTIAL FUh!CTICN I S  FnLJNri F K O M  Y=A/X**B, WHERE A = -0.1843505E 06  A90 8 = 0.23Y62926 01 

THE POTENTIAL FIINCTIliN GENEi2ATED I S  

T1!45 Ff!N ?KI:,JT l lc POTEYTIAL = 0. S C C f l Q D S .  

R I A )  V (  l /CI.II  
1.115COC 173907.6738 
1.140000 1323R4.6191 
1.165003 101  166.7441 
1.170000 77552.2588 
1.215000 59584.12e4 
1.240000 45035.0869 
1.265000 35257.4858 
1.290000 27077.4470 
1.315000 20719.9128 
1.340000 15755.0769 
1.365000 11851.6443 
1.390000 8725.9846 
1.415000 6175.7377 
1.440000 4 150.6864 
1.465000 2513.6631 
1.490000 1448.9069 
1.515000 666.0608 
1.540000 199.6944 
1.565000 9.0385 
1.590000 57.6488 
1.615000 313.0620 
1.64COOO 746.4041 
1.665000 1332.0043 
1.690000 2047.0255 
1.715000 2871.4026 
1.740000 3787.1060 
1.765000 4777.5763 
1.790000 5830.5624 
l .H l5000  6031.3579 
1.840000 8071.6157 
1.8h5000 9238.2977 
1.8QOOOO 10426.3159 
1.915000 11627.5367 
1.940000 12818.7108 
1.965000 13956.3574 
1.990000 15047.0646 
2.015000 16091.6366 
2.040000 17073.1035 
2.065000 18053.7412 
2.090000 18975.6775 



T a b l e  V[. (Contd.) 

S I L I C O N  V I T < I I ! E  INTE'ISITY 0 I S T K l L U T l n ; Y  TEST PROCHAM 

LEFT EN9 OF PIlTC'ITlAl. FUNCTIOt,! I S  FOU>lII F4fM Y = A / X * * l 2 + C t  WHERE 4 = 1 . 0 8 2 4 7 7 9 5  0 6  AVO C = -2 .77009266 0 4  

RIGHT E l l0  O F  IJOTFNTI;~L FUWCTlnY I: FOUbI!: F l t O M  Y=.Z/):*oH, WHERE A = -0 .3859 lROE 0 7  ANC 8 = 0 .91A3305E 0 1  

SCt!R F l U P S  E\lEi(GY LEVEL G = 5 1 0 . 7 4 7 6 0  1/CM AN0 BV = 0 . 7 1 3 3 5 8 8  L / t X  IF1 0. SICONOS. 

SCHR F lUOS EYERCY LE'JEL G = 1500.C7561 I / C M  At40 BV = 0 . 7 0 7 9 7 6 2  l / t H  I N  0. SfCCWOS. 

SCHR FINDS EYERSY LE'JEL G = 2475.94663.  1/CM Aq0 RV = O.bS75'25 L/CI.! I 'U 0. SECm0S.  



SCHR 

SCHR 

SCH9 

SCHR 

SCHR 

SCHS 

.SCHA 

SCH2 

SCHR 

SCHR 

SCHR 

FI'IDS EVEHSY LEVEL 

1 INC.. ENERGY L c V E L  

F I N D S  'i*.IERGY LEVEL 

FIW9S ENFKSY LEVFL 

F I N D S  EWEKtY LCVEL 

FI:JOS CLIERC,Y LEVFL 

F I N D S  :tNEK:;Y LEVEL 

F I N D S  CYERGY LEVEL 

FINOS E ~ I ~ H . ; Y  L F J F L  

F I N D S  EVERCY LEVEL 

F I N D S  EfrEH!;Y LEVEL 

T a b l e  VI. 

APlD 8V = 

PFlO OV = 

AVID 3V = 

AND OV = 

AN0 8V = 

Awn 8V = 

AVn BV = 

AYD BV = 

AVn 8V = 

AND' RV = 

ANl) ,HV = 

(Contd.) 

0 . 5 8 7 1 2 9 3  

0 . 7 2 8 1 6 6 3  

0 . 7 2 2 4 9 6 8  

0. '16827A 

0 . 7 1 1 1 5 8 4  

0. :054850 

0 . 6 9 9 8 1 7 1  

0 . 6 9 4 1 5 5 7  

~ . S O R ~ ? I O  

S I L I C O 3  W I T S I D E  I Y T E V S I T Y  n I S r K I R U T I f l Y  TEST PROGRAM 

PRCGRAM SUCCESSFUL. ( i 4 4 X I T  REACHFO 0 TI%ESI 

THE 8ELOH I S  ,FU:c TI-'= LDHER STATE. 

V I 8 .  NO. G I V E V  EYEi!C.Y CALC. ENEu.;Y DIFFESENCE G I V E N  D f L T A  C 
DIFFERENCE = CALC. - G I V E N  

SECONDS. 

SSCnNDS. 

SECONDS. 

SECONDS. 

SECONDS.. 

SECONDS.. 

SECONDS- 

SECONDS- 

SECONDS. 

. . 
CALC. DELTA t 0.IFFERENCE 



Table VI. (Contd.) 

v r a .  51n. c n ~ c .  av 

UCRL- 1.0925 

T E S T  PROGRAM 

T H E  8 E L O W  1 5  FI I I !  T l l E  lJPPER S T A T F .  

VIE. "11. I v I C A L C .  E~;~cI<(;Y O I F F E R ~ N C E  
D I F F C - K E l r l C E  = C A L C .  - G I V E N  

V I B .  !.lo. C A L C .  B V  



Table VI. ,(Contd.l 
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